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ISOLATION AND IDENTIFICATION OF STACHYDRIN 
FROM ALFALFA HAY * 


By H. STEENBOCK. 
(From the Laborato yj of Agi ¢ tu al Chemistry, U> ( [ of V 
Vad or 


Received for publication, May 9, 1918 


In 1912 an experimental inquiry into the character of the 
water-soluble nitrogen of alfalfa hay by Dr. R. H. Carr, while a 
student in this laboratory, suggested the presence of a nitrogenous 
compound which caused discrepancies in the values obtained for 
histidine and lysine by the Van Slyke method as compared with 
the Kossel method. In view of the importance which individual 
amino-acids have assumed in the biological evaluation of feeding 
materials, and especially in view of the fact that there has been a 
tendency to apply these methods unreservedly and _ indiscrimi- 
nately to plant materials, an attempt has been made to obtain 
definite information in regard to the nature of the compound here 
concerned. As a result stachydrin, a pyrol derivative, has been 
isolated and identified. 

With a full realization of the fact that the absence or de- 
ficiency of a ration in certain amino-acids may be responsible for 
nutritive failure, there has come a demand for a chemical method 
for determining accurately the amounts of the different ‘protein 
cleavage products present. The determinations must be fairly 
accurate or nutritive values forecast on such data will not ap- 
proximate results obtained in actual feeding practice. 

The Van Slyke and Kossel methods were developed to be ap- 
plied to the cleavage products of pure proteins. Unfortunately, 
so far it has not been possible to accumulate quantitatively the 
proteins or their cleavage products occurring in feeds in a form 
free from carbohydrates. This fieid of endeavor is apparently 


* Published with the permission of the Director of the Wisconsin Experi- 
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beset with many difficulties, not only because of the solubility 
and difficult preeipitability of the amino-acids themselves, but 
because many plant materials contain carbohydrates which are 
dissolved and precipitated with the proteins by the usual re- 
agents. As a result, attempts have been made to hydrolyze the 
proteins in the presence of the accompanying carbohydrates and 
then to determine certain amino-acids, but with different degrees 


; The possibilities for condensations and other in- 


of success. 
terreactions between the amino-acids and compounds found in 
the hydrolysis are so numerous as to open undoubtedly to serious 
question the reliability of the data obtained.4~® 

To the above difficulty must now be added the possibility of 
erring by taking for granted that all the nitrogen in the feeding 
materials is present in the form of proteins or their cleavage prod- 
ucts. To be sure, this assumption is actually made when crude 
protein is calculated on the basis of the total nitrogen content. 
In general, however, the percentage of error in the total protein 
content with respect to nutritive value can be but small, but when 
the entire error falls on one particular indispensable constituent 
of the ration and that in itself is present in but small amounts, 
the error may become a very serious one indeed. 

In the Kossel method of dissection of the diamino-acid frac- 
tion, lysine is isolated and determined as the picrate. It so hap- 
pens that stachydrin picrate though not quite as insoluble as 
lysine picrate yet is sufficiently insoluble to lead the uninitiated 
to assume that lysine alone was being determined. 

In the Van Slyke method of analysis, as stachydrin does not 
yield its nitrogen to nitrous acid treatment, the stachydrin nitro- 
gen would be calculated as non-amino nitrogen belonging to 
histidine. The histidine value being incorrect the value for lysine 


' Grindley, H. S., Joseph, W. E., and Slater, M. E., J. Am. Chem. Soc 
1915, xxxvii, 1778. Grindley, H.S8., and Slater, M. E., cibid., 2762 

2 Nollau, E. H., J. Biol. Chem., 1915, xxi, 611 

> Hart, ke. B., and Bentley, W. H., J. Biol. Chem., 1915, xxii, 477. Hart, 
E. B., and Sure, B., 7h7d., 1916-17, xxviil, 241. 

4McHargue, J. 8., J. Agric. Research, 1918, xii, 1. 

§ Gortner, R. A., and Blish, M. J., J. Am. Chem. Soc., 1915, xxxvii, 1630. 
Gortner, R. A., J. Biol. Chem., 1916, xxvi, 177. Gortner, R. A., and Holm, 
G. E., J. Am. Chem. Soc., 1917, xxxix, 2477 

¢ Roxas, M. L., J. Biol. Chem., 1916, xxvni, 71. 





H. Steenboek 


would also be incorrect as this is obtained by difference of the 
arginine and histidine values from the total nitrogen 

Blish? has indicated that in wheat flour there are present forms 
of nitrogen not to be classed with any of the cleavage products 
of proteins. This does not seem so very remarkable when it is 
considered that bases and alkaloids are found in considerable 
amounts in many plants, but ordinarily the biological chemist has 
not taken cognizance of the probability of their presence in those 
plant materials commonly used for food. 

Stachydrin undoubtedly is one of many similar nitrogen- 
containing compounds to be found in the water-soluble fraction 
of feeds. It does not occur in large amounts in alfalfa, 350 gm 
yielding 0.875 gm. of the hydrochloride, which is equivalent to 
0.068 gm. of nitrogen. This represents 0.5 per cent of the total 
nitrogen of the hay. In per cent of the total nitrogen of the hay, 
when analyzed by the Kossel method, the value for lysine nitro- 
gen would be 0.5 per cent too high; by the Van Slyke method it 
would be 0.25 per cent too low and the histidine nitrogen 0.75 


per cent too high. Except for their biological significance thes 


amounts in themselves may not appear very significant. In all 
cases they are to be looked upon as minimum values as the 
method used for the determination of stachydrin—isolation and 
crystallization of the hydrochloride—is far from being quanti- 
tative. The results may be from 10 to 14 per cent too low. 


EXPERIMENTAL. 
Pre paration :. 


Alfalfa hay free from weeds and unbleached, Was extracted re pe itedly 


with boiling water until the final extract was but faintly colored This 


was best done by packing the hay in a muslin sack and immersing the whole 
in a crock half filled with water into which live steam was passed for a 
period of 3 hours By repeating the extractions, 80 liters of extract were 
btained from about 13.5 kilos of hay. The extract was cooled and then 
precipitated with a saturated solution of tannin. Great difheulty was ex- 
perienced in filtering this as the precipitate was too light and too 

loidal in character to separate by centrifugating or to allow filtra 


through coarse filters After various trials with additions differ 


Blish, M. J.,. iol. Chem., 1918, xxxiii, 551. 
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salts, acids, and alkalies it was found that sodium hydroxide added to 
slight alkalinity—which was indicated by the extract turning a bright 
yellow—would flocculate the suspended precipitate so that it settled 
rapidly and filtered out completely. To the clear liquors lead acetate 
was added to complete precipitation, filtered, and the excess of lead re- 
moved with hydrogen sulfide at the boiling temperature. 

42 The filtrate was concentrated to about 16 liters volume, then cooled, 













i acidified to the extent of 5 per cent sulfuric acid, and precipitated with a 
¥ 10 per cent solution of phosphotungstie acid in 5 per cent sulfuric acid till 
uy immediate precipitation ceased. After 12 hours the precipitate was fil- 
a tered off and washed thoroughly with dilute phosphotungstie acid in 5 
ag | per cent sulfuric acid solution. It was then triturated in a large mortar 
an With a small amount of water until well suspended, and hot barium hy- 
i droxide solution added, with continued trituration, until strong perma- 


nent alkalinity obtained. The temperature of the mixture was not allowed 






to go above 40° for fear of decomposing some of the bases, and care Was 






taken to have an excess of barium hydroxide present as the bases liber- 






ated from phosphotungstate precipitates often are strongly alkaline in 









reaction themselves. The barium phosphotungstate and sulfate were 
removed by filtration on a Buchner funnel and washed thoroughly with 
hot water. From the combined filtrates and washings excess of barium 






hydroxide Was removed with carbon dioxide at the boiling tempera- 








ture. The filtrate on evaporation to dryness left a semicrystalline 





mass of a dark brown color and a strong alkaline reaction. A small test 





portion gave a slight precipitate with ammoniacal silver nitrate solu- 
tion Which indicated the probable presence of traces of purines. The 
preparation Was accordingly taken up in water, slightly acidified with 
nitric acid (freed from nitrous acid by boiling), and silver nitrate added 
till a test portion gave a brown precipitate with barium hydroxide. A 








small precipitate resulted Which was allowed to settle and filtered off on 
a folded filter. The filtrate was then made strongly alkaline with barium 





ee Se 






hydroxide, and the precipitate consisting of small amounts of the histi- 





dine-arginine fraction removed by filtration. Barium was removed with 






carbon dioxide, traces of silver with hydrogen sulfide, and the filtrate was 






again precipitated with phosphotungstic acid to free the bases from ni- 





oy trate. The phosphotungstates were decomposed as before, and the semi- 
a crystalline mass Was again obtained upon evaporation of the filtrate after 
i, | the removal of the barium. The character of the alkaline residue and 
a ; method of preparation suggested that here some substance similar to lysine 
+e was present. Like lysine, it absorbed carbon dioxide from the air—which 






was liberated upon the addition of acids—and was strongly alkaline in 





reaction. A number of salts were prepared for identification. 







Picrate.—The picrate was made by the addition, drop by drop, 





a i of a strong alcoholic solution of picric acid to a few gm. of the 


< 








residue taken up in the minimum amount of alcohol. Addition 
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of precipitant was discontinued as soon as precipitation ceased be- 
cause a small test portion showed that resolution occurred upon 
the addition of an excess. Precipitation from water solution by 
an alcoholic solution of picric acid was also found possible, but 
there is always danger of a slight excess of picric acid being pre- 
cipitated as it is less soluble in water than in aleohol. After 12 


hours the erystals were examined under the microscope and found 


to consist, not of needles, as In the case ot lysine, hut of course 


feather-formed crystals with occasional prisms in star-shaped 


aggregates. This latter form was found to be formed upon slow 
ervstallization. In no case were any needles obtained either from 
sleohol or water solution. They melted unsharply with decom- 
position, as is usual for picrates, at about ISS8°. 

Hydrochloride —The picrate was taken in solution in water, 
strongly acidified with hydrochloric acid, and shaken repeatedly 
with ether until entirely free from picric acid. The hydrochloric 
acid solution was then evaporated to dryness and the residue found 
to be very soluble in methyl aleohol, from which it could be pre- 
cipitated by ether in leafy crystals While the first fraction thus 
obtained was highly colored, succeeding ones were snowy white, 
but this method of purification resulted in such large losses that 
it was not deemed practical. Previous decolorization with ani- 
mal charcoal was found very inefficient. 

Chloroplatinate.——A small amount of the hydrochloride residue, 
obtained by evaporation of the above ether-alecohol solutions 
was taken in solution in alcohol on a slide and treated with a drop 
of an alcoholic solution of platinum chloride. A precipitate of 
microscopic needles formed at once. The entire hydrochloride 
residue was then taken up in aleohol and precipitated. After 24 
hours the crystalline precipitate was removed on a suction filter, 
washed rapidly with cold 95 per cent alcohol, and then recrystal- 
lized from 50 per cent aleohol. The salt separated as beautiful 
plates and octahedrons. Dried at 101-—102° it failed to give a 
sharp melting point,—decomposition setting in at about 200°. 
Upon incineration 0.1394 gm. vielded 0.0386 gm. of metallic 
platinum equivalent to 27.69 per cent of its* weight. 
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Pre paration ‘i. 


9 kilos of alfalfa hay were extracted with water as before, and the extract 
was precipitated directly With basic lead acetate. The filtrate freed from 
lead with hydrogen sulfide was evaporated to a small volume for extraction 
with aleohol, but all attempts to secure a dry residue for direct extraction 
were futile. Accordingly the phosphotungstie precipitation and the sub- 
sequent removal of purines, histidine and arginine were carried out as 
before. The product Was again ra brow n, strongly alkaline reacting, semil- 
crystalline mass. It was taken up with a saturated solution of picric acid 
in alcohol and then carefully, but completely, precipitated by the further 
addition of this reagent. After 24 hours the precipitate was filtered olf 
and recrystallized from hot water. The crystals were found to have the 
same crystalline form as those of the first preparation. That the picrate 
does not lend itself to purification of the bases was realized upon exami- 
nation of this crystalline mass under the microscope. Numerous small 
brown masses of pigment were found to be scattered among the crystals 
even after recrystallization from a clear solution. 

The moist picrate obtained as above and weighing about 7 gm. was 
transferred to a separatory funnel with dilute hydrochloric acid and freed 
from picric acid with ether as before. The impurity of the picrate be- 
came even more apparent as the solution of the hydrochloride was brown in 
color and drops of tarry substances deposited themselves on the sides of 
the funnel. They were carefully removed by filtration and the solution 
boiled up repeatedly for hours with animal charcoal until almost color- 
less. On evaporation to dryness a slightly colored mass of white crystals 
remained. They were taken up in water and boiled up thoroughly with 
animal charcoal to effect further decolorization. After repeating this proc- 
ess twice—boiling out the chareoal with water thoroughly each time 
on evaporation a crystalline residue but very slightly colored remained 
Drying at 98° for 2} hours caused its color to deepen slightly, but this 
treatment was found necessary to remove all water and excess of hydro- 


chlorie acid. 


This crystalline mass was found to be almost completely soluble 
in absolute aleohol. Only a faint turbidity which was readily 
removable by filtration indicated the presence of some other 
compound. The aleoholic solution on standing over night de- 
posited a number of small erystals at its upper edge in the beaker 
which suggested the possibility of purification by recrystalliza- 
tion from this solvent. The solution was therefore concentrated 
to 10 ec. volume on a’ sand bath. On standing, a crop of beautiful 
snow-white crystals was obtained. They were filtered off with 
suction, washed with cold absolute aleohol, and then dried at 98°. 
This treatment did not cause any darkening of the preparation. 
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It was found to melt sharply with decomposition at 211.5° (un- 
corrected). The filtrate was concentrated and a second crop of 
erystals obtained which likewise melted at 211.5° (uncorrected). 
The two fractions were therefore united giving a total of 1.1698 
gm. of material. An ultimate analysis gave the following re- 
sults: 








0.0908 gm. hydrochloride gave 0.0706 gm. AgCl 19.2. per cent chlorine 
0.0870 \ 


0.0671 19.02 








\ il oger b / K ye ldahl 





.24 per cent nitrogen 


13 







0.0725 gm. hydrochloride gave 0.0525 gm. N 
0.0806 ” 0.0575 “ N 


‘ 
‘ 


Carbon and Hyd) ogen by Combustion. 






















0.2244 gm. CO, 17.14 per cent carbon. 


0.1300 g ‘drochloride gave ce 
1500 gm. hydrochloride gave, non s HO= 771% “ hydrose. 


Determination of Properties. 


Fe 


Stability to Alkalies—-0.1616 gm. of the hydrochloride was 


dissolved in 25 ee. of water, 12.5 gm. of potassium hydroxide 


were added, and boiled for 6 hours under a reflux. The condenser 
was then disconnected, 100 cc. of water were added, and slowly F 

boiled down to the original volume. After cooling the residual } 
liquors, 35 ec. of sulfurie acid together with a little copper sul- 
fate were added, and then boiled as in the regular Kjeldahl nitro- 
gen digestion. On making alkaline and distilling, 0.0119 gm. of ] i 
nitrogen equivalent to 7.35 per cent of the weight of hydro- 
chloride taken was distilled over. Compared with the previous 
determination of the nitrogen content which gave the average 
value of 7.18 per cent it is seen that no nitrogen is lost in the 
treatment with alkali. That very strong alkalies, approaching 
an alkaline fusion, are able to decompose the compound was 
demonstrated by evaporating a small test portion with concen- H 2 
trated alkali to dryness. As a state of fusion was approached, 
decomposition with the evolution of a methylamine odor set in. 
In view of these results it seemed very probable that a base with 
a methylated nitrogen atom in a ring structure characterized the 
compound under investigation. 
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Stability to Nitrous Acid—-0.1162 gm. of the hydrochloride 
was dissolved in 7 ec. of water and transferred with an additional 





7 ec. of water to the deaminizing chamber of a Van Slyke appa- 





ratus. Nitrous acid was generated in the usual way and allowed 






to react upon the hydrochloride for 4 minutes with continued 






shaking. No nitrogen was liberated in this period of time. The 






negative result indicated the absence of a primary amino group. 
This was substantiated by the failure to obtain a typical isonitrile 








reaction. 
Pyrol Reaction.—A small amount of the hydrochloride heated 
in a test-tube gave the characteristic pyrol red with a pine 






splinter moistened with hydrochloric acid. 
a Precipitation Reactions.—A small amount of hydrochloride in 
| solution was found to precipitate with phosphomolybdie acid and 






with iodine in potassium iodide solution, but not with bromine 





; water or with Millon’s reagent. 
| Solubility in Chloroform.—As many alkaloids and plant bases 
are soluble in chloroform, a small amount of the hydrochloride 










was made strongly alkaline with sodium hydroxide and shaken out 






i | with this solvent Evaporation of the chloroform failed to show 
8 





that any material had been extracted. 

From the data accumulated up to this point it seemed very 
probable that stachydrin, first isolated by von Planta* in 1890 
from Stachys tuberifera and later studied by von Planta and 
Schulze,’ Jahns,'® Yoshimura and Trier,!! Schulze and Trier,” 

and Engeland™ was the compound in question. Like stachydrin 










this compound is insoluble in chloroform, contains the pyrol 
ring, is déecomposed by alkaline fusion with a liberation of methyl- 
ated amine, contains no primary amino nitrogen, is precipitated 








by phosphotungstic acid, phosphomolybdic acid, and potassium 
:' triiodide, forms a crystallizable picrate, hydrochloride, and chloro- 
io platinate, and is not precipitated by tannin, lead acetate, or 
A comparison of 













by silver in either alkaline or acid solution. 








8 yon Planta, A., Ber. chem. Ges., 1890, xxiii, 1699. 
® von Planta, A., and Schulze, E., Ber. chem. Ges., 1893, xxvi, 939. 

19 Jahns, E., Ber. chem. Ges., 1896, xxix, 2065. 

1! Yoshimura, K., and Trier, G., Z. physiol. Chem., 1912, Ixxvii, 290. 

12 Schulze, k., and Trier, G., Z. physiol. Chem., 1910, Ixvii, 59. 

13 Engeland, R., Arch. Pharm., 1909, eexlvii, 463; Z. physiol. Chem., 
1910, Ixvii, 403. 
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the analyses at hand with that calculated for stachydrin salts 
will bring out a comparison, even if not absolute agreement, in 









elementary composition. 











Caleulated for st ichydrin hydro- 
chloride 16.78 7.79 7.79 19.75 


17:14 





Found 

















Calculated for Sf ichydrin chloroplatin ite 2o.UZ 


| ound 








The discrepancies between the above analy ses and the calecu- 





f the prepa- 





lated values were undoubtedly due to lack of purity 
rations as the differences were larger than one would expect from 









analytical errors. For further confirmation it became necessary | 
to prepare more of the base and its salts. ' 

All preparations were made by essentially the same procedure 
as followed in making Preparation I, but the method of purify- 
ing the hydrochloride in an attempt to secure a better product was ) 
modified. One difficulty which proved very troublesome was the | 
formation of a certain amount of pigment which seemed to increase i 
as the material was heated. An attempt was made to avoid this 
by concentrating the free base, previous to the formation of the 





hydrochloride, 7n vacuo below 60° but with no success; the product ia 


was as highly colored as before. Recourse was had to repeated a 







boiling with animal charcoal to remove this pigment. 
In previous preparations no attempt had been made to secure a 





better product by dividing up any of the salt preparations into 





successive fractions by crystallization or precipitation. It was hee 















thought probable that the chloroplatinate would be suitable for : 
this, using crystal form as a criterion of purity, but this was a 
seen to be impossible as, varying with the conditions, the chloro- 
platinate will crystallize in needles, plates, or octahedrons. fi 
After a number of attempts with the chloroplatinate and the f 
picrate the chloride accumulated from a number of preparations h f 
was used instead. It was boiled up repeatedly with animal 






charcoal until the solution was practically water-clear, then it a. 
was evaporated to dryness, and taken up in absolute alcohol. 
Upon concentration on a sand bath three fractions weighing re- 
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10 Stachydrin 


spectively 2.741, 2.954, and 1.097 gm. were obtained. They were 
identical in appearance microscopically and melted at 210—211° 
uncorrected). Portions of the second fraction were used for 
nitrogen determinations. These determinations were made by 
combustion as many plant bases give off their nitrogen as am- 
monia in the Kjeldahl process with great difficulty. 

I 0.2662 gm. gave 1.92 ec. N at 20.5° and 747 mm. 0.02146 gm. N 
or 8.06 per cent N. 


II. 0.1909 gm. gave 1.38 ec. N at 20.5° and 747 mm. 


0.01542 gm. N 
or S.OS per cent N. 


Caleulated for stachydrin hydrochloride, N= 7.79 per cent. 


Fractional crystallization of the hydrochloride as indicated by 
the nitrogen content is apparently able to give a good preparation. 
Still better results in crystallization of the hydrochloride were ob- 
tained after a preliminary precipitation with a solution of mer- 
euric chloride in alcohol. For this purpose the hydrochloride 
was dissolved in 95 per cent alcohol and the reagent added to 
complete precipitation. The precipitate collected as a heavy 
oil which failed to solidify on standing at 0°. The supernatant 
liquors were decanted and the residue was digested repeatedly 
with 95 per cent alcohol at 60°. Finally it was heated on the 
steam bath to remove all alcohol, taken up in boiling water, and 
the mercury removed with hydrogen sulfide. The filtrate was 
decolorized with animal charcoal, evaporated to dryness, and the 
residue recrystallized from absolute aleohol. A perfectly white, 
beautifully crystalline preparation melting at 211—215° (uncor- 
rected) was obtained. It was dried in vacuo over sulfuric acid 
and analyzed for chlorine. 


0.1364 gm. salt gave 0.1080 gm. AgCl = 19.58 per cent Cl. 
0.1548 * ‘i “* . 0.1066 “  AgCl 19.56 “ aa 
Caleulated for stachydrin hydrochloride, Cl 19.74 per cent. 


Further evidence of the fact that the compound in question 
was stachydrin was afforded by the analyses and properties of 
the chloroaurate and the methyl ester chloroaurate. These were 
prepared from a sample of stachydrin hydrochloride obtained 
from different preparations. 


Stachydrin  Aurate.—0.6850 gm. of stachydrin hydrochloride 
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was dissolved in about 15 cc. of water, and a concentrated water 
solution of gold chloride added drop by drop until no further 
precipitation resulted. The precipitate was filtered off by suc- 
tion on a hardened filter, washed with a little cold water, and 
then recrystallized from hot water. It was soluble with difh- 
culty and upon concentration gathered as an oil in the bottom 
of the beaker. Cooling caused it to solidify at once partly in the 
form of plates of a rhombic habit. After 12 hours the aurate was 
filtered off, dried over phosphorus pentoxide in vacuo at room 
temperature, and then in an oven at 100° for 2 hours. 





0.2836 gm. salt gave 0.1148 gm. Au = 40.48 per cent Au. 
10.70 per cent 


Calculated for stachydrin aurate, Au 


In crystalline form the aurate corresponded well with the 
aurate described by Jahns.'® It did not have a constant melting 
point, but started to decompose at about 185°. Yoshimura and 
Trier" found it to melt at 225-226°, but Jahns‘? obtained values 
varying from 190-210° with rapid heating, and states that the 
aurate has no definite melting point. 

Stachydrin Methyl Ester Chloroaurate.— Approximately 1.8 gm. 
of stachydrin hydrochloride previously thoroughly dried, were dis- 
solved in about 15 ec. of absolute methyl aleohol and dry hydro- 
chloric acid gas was passed in for 1 hour. Slight warming resulted. 
The solution was transferred to a crystallizing dish and dried 
in vacuo over fused calcium chloride and soda lime. Though 
concentrated to a small volume the product failed to crystallize 
even after a few days. Cooling in the refrigerator did not in- 
duee crystallization. All that could be obtained was a viscid 
svrup of a faint yellow color. More drastic treatment was not 
used for fear of causing hydrolysis of the ester. A few drops of the 
ester freed from hydrochloric acid with silver oxide showed it to 
be decidedly alkaline in reaction. This is of interest in connec- 
tion with stachydrin, as stachydrin hydrochloride freed from 
hydrochloric acid in a similar manner is neutral in reaction. Evi- 
dently in stachydrin the basicity of the nitrogen atom is intra- 
molecularly neutralized by the carboxyl group. When the car- 
boxyl group is taken care of by an ester linking, the basicity of the 
nitrogen atom again manifests itself. As the ester could not be 
purified as the hydrochloride, it was converted into the chloro- 
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12 Stachydrin 


aurate by adding to its aqueous solution a solution of gold 
chloride. Immediate precipitation resulted. From appearances 
it was more insoluble than stachydrin chloroaurate and appar- 
ently offered excellent opportunities for purification. The pre- 
cipitate was filtered off by suction on a hardened filter, washed 
with a little cold water, and recrystallized from hot water. — It 
did not dissolve readily, and on concentrating its aqueous solution 
it soon separated in oily droplets in the bottom of the beaker. 
On cooling, beautiful vellow plates crystallized out from the su- 
pernatant liquors. After 24 hours they were filtered off, dried 
over phosphorus pentoxide for 24 hours, and a portion was 


incinerated. 


0.209 gm. gave 0.083 gm. Au 39.71 per cent Au 
Caleulated for stachydrin methyl ester chloroaurate, Au 9.08 per 


cent. 


The methyl ester chloroaurate was found to melt at SI-S82° 
(uncorrected) which corresponds well with the value of 85° ob- 
tained by Schulze and Trier.“ As aurates usually have no 
sharp melting the discrepancy is of no importance. 

Optical Activity.—Stachydrin hydrochloride as obtained from 
most sources has been found optically inactive, but Yoshimura 
and Trier have reported the isolation of /-stachydrin from 
Galeopsis grandiflora Lam. They found it to have a_ specific 
rotatory power of — 26.5°. Staehyvdrin hydrochloride from ou 
preparation was found to be optically active, rotating the plane 
of polarized light to the left. 

1.0224 gm. of the hydrochloride dissolved in 14.2 ce. of water 
in a 2 dm. tube gave a rotation of 2.98°; [al], = me . 
The low value may be due to partial racemization as no precau- 
tions were taken to prevent it, although it is possible that part 
of the stachydrin was originally present in the inactive form. 

Quantitative Estimation.—350 gm. of alfalfa hay were extracted 
repeatedly in the course of 24 hours with a total of 4.8 liters of 
distilled water at the boiling temperature. The extract was pre- 
cipitated with lead acetate, then freed from lead, precipitated 
with phosphotungstie acid, and treated as in the case of Prepa- 
ration I using special precautions to minimize losses. The hy- 
drochloride finally obtained was decolorized, evaporated to dry- 
ness, and dried at 95-100°. 2.787 gm. of a crystalline material 
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slightly brown in color were obtained. On boiling it with abso- 
lute alcohol, 0.415 gm. of a salt, which proved to be potassium 
chloride, was left as an insoluble residue. After filtration, the 
solution was concentrated to a small volume and cooled. A thick 
mass of crystals separated. After the addition of a little alcohol 
and ether they were removed on a suction filter, washed with a 
mixture of alcohol and ether, and dried at 100°. 0.876 gm. of 
pure white crystalline stachydrin hydrochloride was obtained. 
0.1309 gm. on precipitation with silver nitrate gave 0.1056 gm 
of silver chloride equivalent to 0.02612 gm. of chlorine or 19.95 
per cent. Caleulated for stachydrin hydrochloride, chlorins 
19.74 per cent. 

The mother liquors on concentration failed to vield any fur- 
ther crops of erystals. On standing in a desiccator, however, 
they ultimately formed a solid mass. This has not yet been dis- 
sected, but undoubtedly contained some stachydrin hydro- 
chloride. 

The alfalfa hay from which this preparation was made was 
found on analysis to contain 3.88 per cent of nitrogen. In 350 
gm. there would be 13.58 gm. of nitrogen. In 0.876 gm. of 
stachydrin hydrochloride containing 7.79 per cent of nitrogen there 
would be 0.0682 gm. or 0.5 per cent of the total nitrogen of the 
hay. This undoubtedly is to be looked upon as a minimum value 
so that it is seen that appreciable amounts of nitrogen in alfalfa 


oceur In the form of stachydrin. 


SUMMARY. 


Stachydrin has been isolated as the hydrochloride from the 
phosphotungstie acid fraction of the water-soluble constituents of 
alfalfa hay. The picrate, chloroplatinate, aurate, methyl! ester, 
and methyl ester chloroaurate were prepared and found charac- 
teristic. The optical activity though of the same sign was found 
slightly below the reported value which may have been due to 
racemization. 

The presence of the base stachydrin in a feeding material like 
alfalfa shows the further necessity for caution in the use of values 
for histidine and lysine as obtained by the Van Slyke method 
and for lysine as obtained by the Kossel method when these 
values are obtained directly on the feeding material itself. 
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THE DETERMINATION OF CHOLESTEROL IN 
BLOOD SERUM. 


By ADOLPH BERNHARD. 


From the Laboratory of Pathological Chemistry, German Hospital and Dis- 
pensary, New York.) 


(Received for publication, April 22, 1918.) 


Many colorimetric methods have been described for the esti- 
mation of cholesterol in the blood. In a comparative study of the 
six general methods employed in the determination of cholesterol, 
Weston! found that Bloor’s? method gave the most inconsistent 
results. Our experience with Bloor’s method is in accordance 
with the findings of Weston. 

In choosing a method for routine work, the method must give 
consistent results, and the one that meets this requirement is 
that introduced by Henes,’ which utilizes the extraction method 
of Weston and Kent* and the colorimetric method of Grigaut.* 

Henes’ modification requires 5 days for completion, which is 
rather long for routine work. The revised method here presented 
can be completed in about 5 hours, and shortens the number of 
operations necessary to complete the determination. The results 
are almost identical with those obtained by the Henes method 


Re vised Method. 


The revised method obviates the necessity of extraction for 24 
hours with alcohol and again for 24 hours with ether, since treat- 
ment with alecohol-ether mixture insures complete extraction of 
cholesterol almost immediately. By the use of the alcohol- 
ether mixture both steps are combined in one operation. The 


ealecium hydroxide precipitate of cholesterol after saponification 


Weston, P. G., J. Biol. Chem., 1916-17, xxviii, 383. 
2 Bloor, W. R., J. Biol. Chem., 1916, xxiv, 227. 
3 Henes, E., Jr., Proc. N. Y. Path. Soc., 1913, xiii, 155 
‘Weston, P. G., and Kent, G. H., J. Med. Research, 1912, xxvi, 531 
6 Grigaut, A., Compt. rend. Soc. Biol., 1910, Ixviii, 827 
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16 Cholesterol in Blood Serum 


is dried in an electric oven, instead of allowing it to dry in the air 
over night. An absolutely dry sediment is thus obtained. ‘Treat- 
ment of this dry sediment with ether for half an hour is sufficient 
for complete extraction of the cholesterol, whereas Henes extracts 
the sediment with ether for 24 hours. The revised procedure as 
described is much more simple and rapid and is believed to be a 
considerable improvement over Henes’ method. 


Technique.—2 ce. of serum are pipetted into a 250 ec. Erlenmeyer flask 
of Pyrex glass, 25 cc. of hot 95 per cent aleohol added, and 100 ec. of a 
mixture of equal parts of 95 per cent alcohol and ether. Place on the 
water bath and bring to the boiling point; filter into a 250 ec. Erlenmeyer 
flask. Wash the precipitate once with abopt 25 cc. of warm 95 per cent 
alcohol. To the combined filtrate add about 1 gm. of stick sodium hy- 
droxide, and boil on water bath for 2 hours. About one-fifth of the origi- 
nal volume remains at the end of this time. Add 100 cc. of a saturated 
solution of calcium hydroxide and collect the precipitate formed on a 
filter. Dry the filter and flask in an electric oven, not over 90°C., return 
the dry precipitate and filter paper to the flask, cover with 100 cc. of ether, 
and allow to extract for half an hour. Filter off the ether into a 150 ce. 
Pyrex extraction flask, wash the sediment with ether, then evaporate the 
ether on the water bath. To the dry sediment of cholesterol in the ex- 
traction flask add 5 ce. of chloroform. Transfer to a clean, dry test-tube, 
add 2 cc. of acetic anhydride (Merck) and exactly 4 drops of Baker’s special 
sulfuric acid, mix thoroughly, and place in a dark place for exactly half 
an hour. At the end of this time compare in a Duboseq colorimeter with 
a standard solution of cholesterol in chloroform (5 ce. = 3 mg. of choles- 
terol) similarly treated as the unknown. 

If 2 ce. of serum are used and standard is set at 10, the cholesterol per 
100 cc. of blood may be obtained from the following formula: 


10 xX 3 1,500 
50 = 
R 


10= reading of standard, 3=strength of standard, R = reading of unknown. 


Table I gives the results of thirty-nine cholesterol determina- 
tions using both Henes’ method and the short modification de- 
scribed above. The results are in close agreement with those 
obtained by the Henes method. 

Attention is here called to the importance of the following in 
cholesterol determinations: (1) Absolutely clean and dry glass- 
ware is essential. (2) Pure reagents must be used; the acetic 
anhydride should be redistilled and is only of value when water- 
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S. P. 46 
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447 

196 

154 

386 

523 
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P. 23 
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645 

504 

I’. 2 623 
662 

547 

638 

M. 3 K 
S15 

893 
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109 

S14 
Hem. 

M. 1 Ho 


Ir 
Cur. 
953 

M. 1 K. 
F.°1 K 
M. 2 
Mat. 
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Henes 
modifica- 
tion 


mg. per 100 | mg. per 10) 


273 
300 
244 
375 
250 
205 
188 
110 
188 
136 
250 
210 
250 
142 

70 
100 

95 


99° 


ane 
165 
176 
150 
250 
350 
150 
115 


250 
167 
231 
333 
150 
150 
125 
231 
215 
290 
260 
150 
231 
186 
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TABLE I 


Revised 
method 


273 


300 
250 


~~ 


d10 


96 
100 
200 
180 
160 
150 
240 
370 
135 
120 


CHEMISTRY 


Diagnosis 


Cholelithiasis 

Nephritis with retention 

Diabetes 

Acute nephritis 

Bronchitis. 

Lobar pneumonia 

Intestinal hemorrhage 

Pernicious anemia 

Pleurisy with effusion 

Cataract 

Diabetic gangrene 

Prostatic abscess 

Rheumatie endocarditis 

Incomplete abortion 

Pulmonary tuberculosis 

Tuberculosis 

Pneumonia 

Diabetes 

Gastroptosis, achylia gastrica 

Lobar pneumonia 

Pneumonia. 

Neoplasm of lung 

Chronic nephritis 

Cardiac decompensation 
oF y angina 
pectoris 

Arthritis. 

Cholelithiasis 

Diabetes. 

Lues 

Secondary anemia (pregnancy 

Rheumatism, mild diabetes 

Chronic nephritis. 

Thromboangiitis obliterans. 

General anasarea, nephritis 

Hematemesis. 

(cute nephritis. 

Thromboangiitis obliterans 
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18 Cholesterol in Blood Serum 


clear. The sulfuric acid must be free from water. Baker’s 
special sulfuric acid is recommended. The chloroform should be 
redistilled before using. The calcium hydroxide solution should 
be made up fresh about every 3 weeks. The standard solution of 
cholesterol should be kept in a dark colored, glass-stoppered 
bottle, and will keep indefinitely. 


SUMMARY. 


A revised procedure for the determination of cholesterol in the 
blood is described. It is a modification of Henes’ adaption of the 
extraction method of Weston and Kent and the colorimetric 
method of Grigaut. The determination can be completed in 5 
hours and gives results in close agreement with those obtained by 


Henes’ adaption. 
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The success with which animals living in their natural environ- 
ment nourish themselves must depend upon the exercise of choices 





in which instinct and appetite play a significant part. When such 





individuals are transferred to conditions of domestication their 





freedom of choice, particularly in the case of captive or farm ani- 





mals, is restricted. Their diet now becomes a problem for the 





husbandman who follows in part his observations on the actual 


feeding habits of the species and in part the dictates of special 






trials or experimental observations on the species in question. 
Many infants and children are likewise dependent upon a dietary 
regimen controlled or modified independently of their natural Hi 







preferences. 





4 
° > : ‘ . . hh 
Man generally chooses his own food; but the selection is limited i 





by a number of circumstantial factors which have led to the forma- 






tion of so called dietetic habits. In discussing the origin of modern ; 





so called feeding standards, Armsby! says: 







‘*As soon as live stock husbandry emerged from the pastoral stage and 
man began to store up forage for the winter or to utilize the products of 





his cultivated land for feeding his domestic animals, the question of the 





relative values of the different feeding-stuffs necessarily arose. As agri- 






culture has gradually become more intensive and as the variety of nat- 







* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 





‘ 


ington, D. C. 
Armsby, H. P., The nutrition of farm animals, New York, 1917, 591 






19 








20 Free Choice of Diets by Rats 


ural materials and of technical by-products available has increased, the 
question has grown in importance, the traditions of practice based on the 
experience of earlier investigations have been recognized to be insufficient 
guides, and much effort has been put forth to replace these traditions by 
exact knoWledge.”’ 


Progress in the study of nutrition has tended to show a far 





greater complexity in the nutritive needs of the organism than 
Was appreciated or even suspected until recently. One by one 
the energy factor, the quantity and suitability of the proteins, 
the Inorganic aspects, the roughage or-ballast, and the vitamine 
features of the dict have come into prominence and demanded 
recognition in the construction of an adequate dietary. In the 
midst of this tendeney in somewhat academic directions one may 
inquire Whether the lessons derived from the observations of the 
natural feeding habits of both man and the domestic animals ar 
not being unduly neglected. In other words, are there no lessons 
to be learned from the exercise of the feeding instincts in the 
voluntary selection of foods? 

[t must be admitted at once that appetite is by no means an 
unerring guide, as the perversions in the use of tea, coffee, aleo- 





hol, tobacco, ete., show. Nevertheless the biological evidence 
of the survival and well-being of innumerable species testifies 
to the suecess of their c¢nstinetive dietary habits. How unwise 
artificially established ‘‘standards of feeding’? may be has well 
been illustrated by the experiments of the Wisconsin Experiment 
Station on supposedly “balanced” rations derived from single 
plant sources? 

Kvvard’ has lately emphasized anew the importance for practical 
husbandry of taking account of the feeding habits of animals. 
He has instituted observations on the growth of swine which were 


permitted a freedom of choice among the following variety of food 


ae ae 


products: whole corn grain, meat meal (containing 60 per cent of 


protein), whole oats, linseed oil meal, wheat middlings, charcoal, 
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limestone, salt, and water. The results obtained with pigs fed 
according to this ‘‘free choice’ system were surprising in that the 
animals provided with nutrients in this way made remarkably 
2 Hart, KE. B., Steenbock, H., and Humphrey, G. C., Wisconsin Exp, 
Station Bull. 287, 1918. 
3 Evvard, J. M., Proc. Iowa Acad. Sc., 1915, xxii, 375. 
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rapid growth, one of them being, indeed, the largest pig for its age 





ever raised at that Experiment Station. Moreover, the pigs 
which received ‘‘sodium chloride ad libitwn made more rapid 
growth (increase in weight) with less requirement of feed per unit 
increase than when no salt was allowed, or when it was mixed in 
variable quantities with a basal ration of corn eran and linseed 
oil meal (whole flax grain minus most of the oil). Indeed 
comparative trials showed that either smaller or larger quantiti 
of salt led to less satisfactory growth than the optimum selected 
by the animals exercising a f dom of choice 


In Commenting upon th uuteome of th xpermment V\ a 
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One dominant reason for the sometimes ineffective result ecured 1p 


} : 1 


feeding ecording to ordinary standards 1s the difficulty of knowing the 


resultant of the m iny, specific units, as many as a hundred, which in 
probability are comprised in an ordinary feeding-stuff such as mai 
grain, or meat meal, or oats, or oil-extracted flax grain resid The 
suitability of different individual feeds for the inimals in question has 


been determined largely from a careful observation of results red in 
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Observations which have been accumulated in our experiment 
work during recent years have likewise demonstrated the son 
what surprising ability of rats to make selections between two food 


} 


mixtures of somewhat similar physical character, one of which ma: 
be deseribed briefly as nutritively inferior in contrast with the 
other that was more adequate for nutrition in growth. Although 
the rats usually ate some of each kind of food offered, as a rule 
they ate more of the adequate food than of the inferior on 

The effect of this “free choice’? system of feeding the rats 
is shown in the appended curves of growth. In the graphic rep- 
resentations of the food intake at the bottom of each chart the 


superiol food is represent a by the shaded areas, and the inferior 
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food by the unshaded ones, the sum of these areas representing 
the total food intake. 



































Days 


Cuakt I. 


Chart I shows the outcome of a choice between two foods alike 


in all respects except the single protein incorporated in each 


as 


mixture, The e mposition of the two food mixtures was 


follows: 








Superior Inferior 
mixture 


Pp 


mixture ' 


Lactalbumin IS 

Zein 1s 
Protein-free milk 28 
Starch 2 27 
Butter fat IS 


Lard 9 
In previous communications! we have shown that this zein food 
mixture promptly leads to nutritive decline owing to the deficiency 
of the protein in lysine and tryptophane groups. When supple- 
mented by these amino-acids or by a sufficient amount of a suit- 


NE 


able protein, however, the previously inadequate diet can be 
rendered entirely adequate for nutrition in growth. In the pres- 

‘ Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washington 
Publication 156, pt. ii, 1912: Z. physiot. Chem., 1912, Ixxx, p. 307; J. Biol. 
Chem., 1914, xvii, 325; xviii, 1; 1915, xx, 351: 1916, xxv, 1. 
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ent experiments it will be noticed that the Rats 2548 and 2550 
actually ate some of each food mixture, the outcome of the choice 
resulting in fairly satisfactory growth. The success of the mixed 





intake did not depend upon the ingestion of an inordinate total 
amount of food, so that the inferior mixture was superimposed 
upon a sufficient quantity of the superior one; for the total intakes 
recorded approximate those which we have found to be com- 
monly selected by animals growing upon adequate rations of the 
same type consumed ad libitum.’ It is not easy to imagine what 


factor impelled so successful a choice of diet. 


























Lays 


Cuart II. 





An equally difficult choice is indicated in the results presented 
in Chart II indicating the outcome when two foods precisely alike 
except in their content of the same protein (casein) were offcred. 
The food mixtures had the following composition: 


Superior Inferior 

mixture mixture 

per cent per cent 
Casein 18 4.5 
Protein-free milk 28 28.0 
Starch 29 31.5 
Sucrose 10.0 
Butter fat 18 18.0 
Lard 7 8.0 


5 Osborne and Mendel, J. Biol. Chem., 1915, xx, 351. 
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24 Free Choice of Diets by Rats 


Rat 2549 accomplished the choice successfully in that a pre- 
ponderating intake of the food richer in protein made growth 
possible. The result with Rat 2537 may perhaps be looked upon 
as a failure to make a choice suitable from the nutritive stand- 
point. It is not unlikely, however, that if the experiment had 
been continued, a suceessful selection would ultimately have 


S q i 
SS 
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ensued. Such an outcome is shown in Chart IIT, Rat 2553, in 
trials in which the difference between the two foods offered con- 
sisted in their content of water-soluble vitamine derived from 
milk. This animal reversed its food preference at the end of 3 
weeks and sueceeded in growing. Its companion, Rat 2541, 
effected a highly suitable selection in much shorter time. The 
point to be emphasized however is that ultimately both animals 


made good choices. 
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The composition of the foods was as follows: 
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Chart IV represents the results of a ehoie 
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mixtures, me ith ] of which has a sufficient concentration of pro- 
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tein to serve ideally for the purposes of growth. 





cent lactalbumin food fairly good growth may sometimes pb 


the ease with the comparable 9 per cent 





attained;’ this is not 


casein food unless enough is eaten to supply ther quil d quantity 
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+} 

} The composition of the mixtures was as follows: 
Superior Inferior 
mixture mixture, 
per cent per cent 

; Lactalbumin 9 

: Casein 9 

4 Protein-free milk 28 28 
Starch 29 29 
Sucrose 9 9 
Butter fat 18 IS 
Lard 7 7 


It will be observed that despite the considerable variations in 
the choice of foods from week to week the resultant tendency 
was toward better growth than the inferior food mixture would 
permit. During the 5th and 6th weeks Rat 2542 ate the inferior 
food almost exclusively, but it will be noted that it made good 








the deficiency in the proportion of the inferior protein in this food 
a by a greater intake, thereby securing a relatively larger absolute 
4 amount of protein. 
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CuHart V. 


Finally, Chart V shows the choice between an adequate food and 
a somewhat comparable mixture entirely inadequate because it 
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The composition of the two foods 





was almost devoid of protein. 
was as follows: 


Inferior 





Superior 


mixture mixture 

per cent per cent 
Casein 18 
Protein-free milk 28 28 
Starch 29 27 
Sucrose 1] 
Lactose 10 
Butter fat 18 18 
Lard 7 6 





Presumably the inferior food was not unpalatable; for it con- 
tained a not insignificant proportion of cane sugar which rats 
usually like to eat. Nevertheless the choices were such as to 
facilitate growth. 

In surveying the comparatively meager data here presented we 
are unwilling to draw any far reaching conclusions. It seems 
to be more than a coincidence, however, that the choices which 
the rats have made correspond so well with what our previous 
experience with these foods had already demonstrated to be prefer- 
able from the standpoint of growth. Although in these few ex- 
periments the growth was not the maximum that might have been 
expected, nevertheless nine out of ten rats soon ate such propor- 
tions of the two foods offered in each case as to enable them to 
grow at a nearly normal rate. It is difficult to imagine what 
the impulse is which led the rats to make these selections; for 
numerous experiments which we have made prove that the in- 
ferior foods offered to those shown in Charts II, III, and IV 
were entirely adequate to maintain them in good condition 
for very long periods. It is therefore interesting to have this 
evidence that the desire of a young animal for food is something 
more than the mere satisfaction of its calorific needs. The de- 
mand made by the growth impulse must also be met by a food of 
the proper chemical constitution. 
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There has always been a keen interest in the chemical nature 
of the placenta. The exact nature of the rdle it plays in the 
nutrition of the fetus, its importance in some of the theories of 
eclampsia, and latterly, that its hydrolysis by normal and preg 
nant sera has been made a touchstone for the Abderhalden theo- 
ries of specific defensive ferments, combine to render its chemical 


examination one of the highest interest. 





ably 


presented in this Journal by Koelker and Slemons! and its repetition here 


The earlier work on the grosser chemical examination has been 


serves no useful purpose. The following points, however, might be noted. 


1) About one-half of the fresh normal placenta consists of blood 2) 82 
to 85 per cent is water. (3) The ash varies from 0.87 per cent to 1.15 per 
cent. (4) The fat in unwashed placenta is 0.846 per cent, and in washed 
placenta 0.535 per cent. 5) The earbohydrate is glycogen (0.49 to 0.58 
per cent), which disappears rapidly after delivery, sinking to about half 
value in 20 minutes.” (6) The main part of the solids is protein. The ni- 
trogen in dry, ash-free, and fat-free placenta, according to Koelker and 
Slemons, is 14.9 per cent. (7) Wells and Corper? give about 2.1 per cent 


of the total nitrogen as purine nitrogen. 

The amino-acids of the human placenta protein have been examined by 
Koelker and Slemons. They used the Fischer and the Kossel methods of 
separating the amino-acids, and their results did not call for any striking 
comment. Their most noteworthy finding was the apparent absence of 


alanine. 
We felt, however, that a reexamination of the subject would 
be of value, using the Van Slvke method for the distribution of 


the protein nitrogen. 








‘ Koelker, A. H., and Slemons, J. M., J. Biol. Chem., 1911, ix, 471 
2 Wells, H. G., and Corper, H. J., J. Biol. Chem., 1909, vi, 469. 
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EXPERIMENTAL. 
Preparation of the Placenta. 


The placentas used in this work were normal full term placentas ob- 
tained from the Montreal Maternity Hospital. Immediately after de- 
livery the placentas were placed in a Jar of physiological saline, covered 
with a layer of toluene, and the jar was sealed. They were brought to the 
laboratory within a few hours and were always in good condition. At the 
laboratory the placentas were treated somewhat after the manner of 
Abderhalden,* in preparing a substrate for the Abderhalden pregnancy 
test. The umbilical cord and adhering membranes were completely re- 
moved. At the same time, as many as possible of the larger blood vessels 
were excised, the organ being torn into small pieces in the process. These 
were rinsed several times in cold water and wrung out in cheese-cloth. 
They were next, passed through a mincing machine, and the finely divided, 
pulpy mass was Washed with water in tall glass cylinders, to the bottom of 
which passed a glass tube connected with the water tap. A gentle stream 
of water was thus passed through the cylinders, for a period of from 6 to 
10 hours, insuring a thorough removal of the blood. A piece of cheese- 
cloth tied over the top of the cylinder acted as a filter, preventing the loss 
of finer pieces of placenta. ven with a thorough washing of this kind, 
some placentas still retained a trace of pink color. These were rejected. 
We found, also, that sometimes even those placentas which after washing 
appeared perfectly white and bloodless, on standing in saline solution con- 
tributed a pinkish color to the fluid. 

The mass of washed placenta was then coagulated by boiling in water 
rendered faintly acid by acetic acid. Three separate boilings were made, 
using fresh portions of acidified water, the placentas being placed in 
cheese-cloth and squeezed dry between each operation. The length of 
time of each boiling was about 10 minutes. After the final boiling, the 
excess Water Was thoroughly removed by a hand press and the material 
spread out in a thin layer on coarse filter paper, and left to dry over night 
at 2 temperature of about 25°C. The dried placenta was then ground in a 
hand mill to a fine powder, the coarser particles being removed by a fine 
wire sieve and being again passed through the mill. In this way a fine 
uniform powder was obtained of a yellowish color, and with a slight char 
acteristic odor. All the placentas were full term, normal specimens. No 
calcareous placentas were used. The final material was preserved in 
stoppered bottles. 


§ We wish to acknowledge our indebtedness to the Hospital authorities, 
whose kindness and cooperation have contributed materially to the sue- 
cess of the research 

* Abderhalden, E., Handb. biochem. Arbeitsmethoden, Berlin and 
Vienna, 1912, vi, 226. 
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By weight this powder only represented about 3 per cent of 
the weight of the fresh organ, whereas the product used by 
Koelker and Slemons represented 7 per cent of the weight of the 
fresh organ. Our treatment, however, had been a much more 
vigorous one, and the difference may be readily accounted for by 
mechanical losses as well as by the solution of salts and albumin. 
An average sample of eleven placentas was thus prepared. 


Nitrogen Content of the Placenta Preparation. 


Koelker and Slemons'! give the percentage of nitrogen in their 
dry ash-free and fat-free preparation of placenta as 14.9. Our own 
results agree very closely, although we had submitted the organs 
to a much more vigorous treatment. 

Water.—The water remaining in the air-dried preparation was 
determined by the loss of weight when dried to constant weight 
at 100°. A mean of five determinations gave 9.50 per cent. 

Ash.—Determined by ignition to constant weight in a plati- 
num dish at low red heat. Mean of three determinations, 5.07 
per cent. 

Fat.—The fat was determined by Soxhlet extraction with ether 
on the oven-dried (100°) material. Two determinations gave 
1.28 per cent. Corrected to air-dried material = 1.15 per cent. 

Nitrogen._-Determined by Kjeldahl on air-dried material. 
Mean of seven determinations, 12.44 percent. Corrected to dry, 
ash-free, fat-free. material = 14.7 per cent. 


Methods of A nalys? S, 


The method used was that of Van Slyke® for the partition of 
the protein nitrogen, using the amyl aleohol extraction method 
for the removal of phosphotungstic acid, and the micro-appa- 
ratus for the determination of amino-acid nitrogen. 


Time of Complete Hydrolysis. 


We first determined the time of complete hydrolysis of the 
placentas by 20 per cent HCl, as recommended by Van Slyke. 
3 gm. of placenta were boiled under a reflux condenser and a rough 
determination of amino-acid nitrogen was made at the end of 8 

5 Van Slyke, D. D., J. Biol. Chem., 1911-12, x, 15; 1912, xii, 295; 1915 


xxii, 281 
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The latter value was 






hours and again at the end of 12 hours. 





: 
found to be considerably lower than the first. As we were evi- 
dently dealing with a very easily hydrolyzed protein, we carried 





out a hydrolysis under the same conditions, removing a sample of ; 





0.5 ee. every hour for analysis, for a period of 24 hours, and then 





occasionally till the end of 57 hours. The ammonia was not re- 





moved. The results are shown in Fig. 1 and revealed that there 






; 

' 

were two maxima, one at about 8 hours and a second at about 22 : 
: 





hours. These results were confirmed by a second hydrolysis, re- 
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J 
moving samples for analysis every 2 hours, though the second : 
maximum in this case did not quite coincide with the previous de- 
termination. The natural interpretation to place upon these ae 
results is that we are dealing with two proteins in our placental 31 4 
preparation, one hydrolyzed with great ease and a second more 





resistant to hydrolysis. As the result was of decided novelty 





and opened up the possibility of a new application of the Van 





Slyke amino-acid nitrogen determination on the question of the 





chemical identity and chemical unity of insoluble proteins, we 





decided to investigate the matter further. A series of hydrolyses 






were carried out with 1 gm. of placenta powder and 20 ec. of 20 
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per cent HCl for periods of 2, 4, 6, 8, 12, 16, and 24 hours. At 
the end of the stated period a sample was withdrawn and the 
ummonia determined as in the determination of ammonia in 
urine by the Denis® micro-aeration method. We used this method 
to act as a control on the main determination, and found that it 
gave excellent agreement. A determination of the amino-acid 
nitrogen was also made. The hydrolysis products were cooled, 
transferred to small vacuum distillation flasks, and ammonia 
was determined, following the procedure of Van Slyke. The 
humin was also determined in each, and then again the amino- 
acid nitrogen, freed this time from the influence of ammonia 
and humin. We felt that no conclusions could be drawn on the 
existence of two proteins until such a procedure was carried out. 
The results are shown in Figs, 2 and 3 and fully justify the caution 
we exercised. There is no evidence of the existence of the sec- 
ond protein, the point of maximum hydrolysis being at about 8 
hours. This indicates an extraordinarily easily hydrolyzed pro- 
tein. The ammonia is produced practically entirely in the first 
2 hours, and then slowly and continuously increases, facts which 
are in agreement with those of other observers. The humin, 
large at first on account of unhydrolyzed protein, becomes a 
minimum at about 8 hours and then slowly increases. The point 
of maximum amino-acid production was thus fixed at about 8 
hours, and we can offer no adequate explanation of the two 
maxima obtained in our previous experiments. 


Nitrogen Distribution in Placenta. 


All analyses were carried out in duplicate, and previous to the 
determinations reported here, we made ourselves familiar with 
the technique by a preliminary series of experiments. 

The figures in Table I show the nitrogen distribution in placenta, 
being given as percentages of the total nitrogen, corrected for the 
solubility of the phosphotungstates, and the placentas represent- 
ing an average sample of eleven normal organs. 

We also studied the individual variations by examining five 
placentas in a similar manner. The placentas were separated, 
washed, coagulated, air-dried, and ground exactly as the previous 
average sample. The nitrogen in each air-dried specimen was 


6 Denis, W., J. Biol. Chem., 1910-11, viii, 427. 
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first determined, and was found to be remarkably constant. This 
is no doubt due to the conditions of preparation being the same, 


as all five specimens were prepared practically simultaneously 


Placenta \ B ( D I 

nt pe per ce - , ; 
Nitrogen 13.54 13.25 13.52 13.08 13.54 
13.50 13.22 13.52 13.54 13.50 


The nitrogen distribution is shown in Table I], the figures as 
before being given as percentages of the total nitrogen, and cor- 
rected for the solubility of the phosphotungstates. The general 


findings corroborate those of the average sample. 


rABLE I 

Nit distribu I 7 
n 
Amide... 6.34 6.46 
Humin 3.20 3.15 
(rginine 24.08 23.92 
Histidine 2.32 2.30 
Lysine io 7.28 
Cystine 1.47 1.39 
Total diamino 30.21 3. 14 
\Monoamino 91.55 51.90 
Non-amino 3.47 3.28 
gg 89 gg 79 


Total recovered 


DISCUSSION. 


The most striking result is the high value obtained for arginine. 
This is seen both in the average sample and the individual speci- 
mens of placenta, and is not due to any analytical error. We have 
confirmed the high figure by obtaining a similar value by hy- 
drolysis under totally different conditions (p. 40). This high 
arginine content of placenta, made according to the Van Slyke 
distribution method, places this organ in a category quite apart 
from that of all other human organs. 

In Table III is given the analysis of various human organs, 
carried out by Drummond.’ The preparation of the organs was 


similar to ours of placenta, and the analytical methods were 


7 Drummond, J. C., Biochem. J., 1916, x, 473 
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those of Van Slyke, so that the results become quite comparable 
although the figures are not corrected for the solubility of the 
phosphotungstates. 

] 


The various organs analyzed are representative of nearly all 


types of cells and we included the lung tissue of a chicken to make 


the representation more complete. They do not show any very 

striking variations; in fact, except for the histidine content, they, 

are remarkably uniform in composition. The average figures 
TABLE III 


Nitrogen distribution 


Oreas 
el2l/2/#/3)/s |e "| a]: 
Pp per I pe per I ) 
Pancreas 5.52) 4.5011.30 8.8210.91) 0.97,32.00 53.27, 3.63 
Kidney 5.05 3.2411.95) 5.89 7.00) 1.01,25.85 59.30) 5.10 
“ 6.05, 3.57,11.45 8.60 9.25 1.1030.4052.80) 5.82 
Spleen 5.18) 3.82'12.50/13.50:11.00) 1.10:38.10'47.62) 4.88 
Liver 6.12; 3.32 10.50) 8.2011.76) 1.34'31.8053.85) 4.35 
Breast (slightly fibro- 
tic) 5.50) 2.50:11.10) 4.66:12.47 27.23 57.17) 6.40 
Breast (slightly fibro- 
tic) 5.10) 2.85 10.02) 2.81,13.38 26.21 56.20) 6.00 
Skeletal muscle 6.18 2.2911.05 2.72 13.60) 0.8028.17.58.90 4.41 
66 6.42) 2.30:11.30! 5.7912.71) 0.90'30.70.57.00' 4.20 
Cardiac muscle 5.67) 1.55!) 9.38:10.20:12.50) 0.82,32.90'52.95, 5.90 


6.35 3.6010.0010.00 9.25 0.8030.05 53.20 5.00 
Lung (chicken 7.02) 4.54'11.25) 7.22,;11.11) 1.32)30.90,57.20; 7.40 
6 ae 6.58 3.8212.20 8.4210.98 1.4033.0050.70 6.70 


also given by Drummond and compared with our figures for pla- 
centa, appear in Table IV. 

On comparing the table of average values with the individual 
values it will be seen that the variation of the figures about the 
mean for the human organs is not very great, so that the average 
figures can be taken as representative. The exception is the 
value given to histidine. The same is true of our figures for nor- 
mal human placenta. Our biggest percentage variation occurs 
in the figures for histidine. This is not surprising when we con- 
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sider that the histidine value is obtained indirectly from the sum 
of the arginine, lysine, and cystine values, and that small errors 
in these determinations might well become cumulative in either 
direction and so lead easily to an abnormally high or low histidine 
figure. So that, although we find a big difference between. the 
average histidine content of normal human tissues as contrasted 
with that of normal human placenta, we do not feel inclined to 
lav any great stress on this at present. We would merely point 
out that although the placenta possesses a low histidine content 
as compared with other organs, it cannot be regarded as being 
deficient in that particular amino-acid. 


TABLE IV 
Normal human tissues Normal human placenta 
Drummond Harding and Fort 
Nitrogen distribution 

— Minimum. Average a Minimum.) Average 

Pp Pp p Pp Pp ) 
Amide. . 6.42 5.05 5.82 6.59 6.24 6.42 
Humin £.50 1.55 3.09 2.97 2.88 2.97 
Arginine 12.50 9.38 11.138 24.09 19.40 22 54 
Histidine 13.50 2.72 7.89 1.45 1.02 3.12 
Lysine 13.38 7.00 9.83 8.86 5.70 7.22 
Cystine 1.34 0.80 0.93 1.56 1.13 1.36 
Total diamino 38.10 25.85 30.71 36.25 35.14 34.24 
Monoamino 59. 30 17.62 50.88 52.53 50.04 51.15 
Non-amino 6.40 3.63 $94 1.50 1.12 5.89 


The same is true of its lysine content. Our average figure is 
7.22 as compared with 9.83 for other organs. And although our 
maximum figure is less than the minimum figure, with one excep- 
tion, given by Drummond for the other organs, we cannot con- 
sider the difference as any striking departure from the normal 
average. We have not vet reached that stage in our knowledge 
when small differences of that kind are intelligible. 

With the arginine content, however, a very different picture is 
presented. With the normal human organs, the variation of this 
figure is very small. In fact the figures are surprisingly uniform, 
and, if our own experience with placenta may be taken as a cri- 
terion, might almost express the individual variation of a par- 
ticular organ instead of a number of different organs. The dif- 


ference between the two sets of figures is so constant and so 
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striking as to be above any accidental combination of cireum- 
stances, and leads us to the conclusion that in the placenta we 
are dealing with a type of organ fundamentally different from 
others. And with difference in chemical composition so striking, 
one cannot help but correlate difference in function. The human 
organs analyzed by Drummond include various types of secre- 
tory and excretory cells, breasts, liver, pancreas, spleen, lungs, 
and kidney, as well as muscle, both plain and voluntary, —and in 
view of these facts one cannot easily ascribe to the placenta in its 
relation to the nutrition of the fetus a merely passive réle. Thus 
the chemical composition of the proteim of the placenta falls in 
line with a growing mass of evidence, and a now almost univer- 
sally accepted belief, that it is an active organ of nutrition for the 
fetus. In this connection it is interesting to note that the breast, 
itself an active organ concerned with nutrition and an organ cap- 
able of elaborating special proteins and a special carbohydrate, 
does hot diffe r markedly in composition from the remainder of 
the human body, though Drummond’s figures probably are for the 


inactive organ. In its active state the breast may show quite 


a different picture. In attempting to interpret the high arginine 
values obtained, one must not lose sight of the fact that the pla- 
centa is one of the most rapidly growing organs in the female 
body, and that this, in conjunction with its origin, might account 
for the results. WKocher,® indeed, attempted to show that the 
growth of tumors was dependent on lysine, and claimed big dif- 
ferences between the rapidly growing tumors and the slower 
growing normal organs in their content of that amino-acid. Un- 
fortunately it has been shown that Kocher’s comparisons were 
based on inaccurate analyses of the normal organs,and that the 
rapidly growing tumors are very similar in their amino-acid 
make-up to the remainder of the animal body. 

The high figure, however, which we have obtained for arginine 
comes into direct conflict with the amount obtained by Koelker 
and Slemons, who actually isolated the arginine. The figures of 
Table V are taken from their paper. 

The last column shows the calculation of the various fractions 
of nitrogen expressed as percentages of total nitrogen from Koeiker 
and Slemons’ own figures, those in parentheses being ours 


§’ Kocher, R. A., J. Biol. Chem., 1915, xxii, 295. 
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for the sake of comparison. The figure for ammonia is approxi- 
mately correct, whereas the lysine, arginine, and histidine figures 
are in all cases enormously lower than those obtained by our- 
selves, though the relative order is the same. To assure our- 
selves still further on the correctness of our results, we carried 
out a hydrolysis of placenta by sulfuric acid at a temperature of 
105° and for a period of 24 hours; 7.¢., a hydrolysis under the con- 
ditions prescribed for the determination of the hexone bases by 
the Kossel and Kutscher method. The sulfuric acid was re- 
moved, ammonia and humin were removed, and the resulting 
solution was analyzed for arginine by boiling an aliquot. part 
with 20 per cent NaOH, following the directions of Plimmer.?® 
The results obtained were always in substantial agreement with 
our previous figures, and as the placenta preparation used in these 


TABLE V 
Amino-acid nena of sa N per 100 gm. | N as per entage 
re placenta protein of total N 
gm. 
Ammonia 1.054 7.07 (6.42) 
Lysine 16.00 0.664 4.46 (7.22 
Arginine 20.00 1.394 9.63 (22.50) 
Histidine 1.10 0.064 0.42 (3.12) 


determinations represented an entirely different average sample 
of over twenty organs, we felt confidence in our results. Still in 
view of the serious discrepancies between our results and those of 
Koelker and Slemons, we undertook to carry out a fractionation 
of the hexone bases according to the method of Kossel and 
Kutscher, and at the same time control the fractionation by de- 
termining at each step the arginine content of the precipitates and 
filtrates by the alkali hydrolysis method of Van Slyke or Plimmer. 
In this way any chemical separation of arginine from a second 
substance simulating arginine in its behavior towards alkali would 
at once be noticed. No such separation, however, ‘occurred. 
With each fractionation we noted losses in arginine, due doubtless 
in part to imperfections in the method and to imperfections in our 
own technique. We did succeed, however, in isolating as an 


9 Plimmer. R. H. A., Biochem. J., 1916, x, 115. 
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impure picrolonate an amount of arginine representing about 15 


] 
7 | 






per cent of the total nitrogen. We fee therefore, that our 








| 
figure for arginine is a correct one. 


Many interesting questions arise as to the origin and meaning 






of this storage of arginine in the placenta. The recent work of 


(Ackroyd and Hopkins'® on the connection between arginine (with 





histidine) and purine metabolism at once leads to the hypothesis 





that the rapidly crowing fetus uses the arginine as the souree ot 





? 


the purine part of its new nuclear material. The question, too, of 





postpartum creatinuria has so far received no satisfactory solu- 






tion. With the expulsion of the placenta at birth, does th 





mechanism, which allowed of the storage of arginine, continue 





] 
va 


for some time to accumulate it in the muscles of the mother and 






produce a temporary creatinuria until conditions readjust them- 


selves to the normal? 







SUMMARY. 








A determination of the amino-acids in mature human placenta 






has been made according to the nitrogen distribution method of 






Van Slyke. 








The distinguishing feature of the placenta protein isa high | i 
arginine content. hg 
This is double the arginine content found in other human or- 
gans (breast, liver, heart, kidney, muscle). ‘ie a: 
Corresponding to this difference, there must be ascribed to the (" 
placenta a function differing from that of other organs. . 

The placenta from a chemical standpoint cannot be regarded , i 






entirely as a passive organ. 









® Ackroyd, H., and Hopkins, G. H., Biochem. J., 1916, x, 55 
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SOLUTIONS OF DEXTROSE AND PICRATE.* 
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When a mixture of dextrose and sodium picrate dissolved in 
water is heated in the presence of an alkali, a red-brown color 
is produced which exactly resembles the color of sodium picra- 
mate. This fact has been made the basis for the quantitative 
estimation of small amounts of dextrose and has been extensively 
used in determining the concentration of dextrose in blood. The 
method rests on the assumption that there is a direct proportion 
between the amount of color produced and the amount of dextrose 
present in the mixture. 

We have found that this assumption is inegrrect. Under 
most conditions there is a considerable deviation from a direct 
relationship, and we have failed to find any under which the 
agreement is absolute, though there was one particular complex 
of factors with which an almost direct proportion between color 
production and dextrose concentration was obtained. 

The main technical difficulty lay in devising means whereby 
different temperature levels could be attained and kept constant 
for varving lengths of time. We finally sueceeded in construct- 
ing an instrument by means of which all degrees of temperature 
from 80-130°C. could be uniformly maintained over any desired 
period of time. A small autoclave, such as is used by house- 
wives for sterilizing fruits and vegetables for canning, was pro- 
vided with an electrical source of heat and with an electrical 
thermostat. The pressure guage was inaccurate so a thermometer 
was added. An inner compartment of wire-lined asbestos was 

* A summary of these results was published in Proc. Soc. Exp. Biol. and 


Med., 1917-18, xv, 79. 
13 
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also constructed in order to protect the solutions from inequali- 
ties of temperature arising from the circulation of water through 
the base of the autoclave (see Fig. 1). 

Dextrose concentrations of 0.5, 0.1, and 0.05 per cent were made 
in saturated picrie acid solution, corresponding to hypergly- 
cemic, normal, and hypoglycemic blood specimens. Since blood 
is commonly diluted to two and a half times its volume with pic- 
rie acid solution for the removal of protein, our solutions were 


Fia. 1. 


similarly diluted with concentrated picric acid solution. In our 
experiments 2 ec. of each of the three dextrose solutions in 0.8 per 
cent picrie acid were mixed with 2 ec. of NaeCQOs solution in water, 
and 2 ce. of sodium picrate added (prepared by neutralizing 0.8 per 
cent picric acid with NaOH using phenolphthalein as an indicator). 
In those cases in which 10 per cent NaeCOs; concentrations were 
used, 3 ce. of NasCOs; solution and only 1 ec. of the picrate were 
added. Since the picrate is present in excess this change had 
no appreciable effect on the reaction. 
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The highest concentration of dextrose employed was thus ten 
times greater and the intermediate concentration two times 
greater than our lowest concentration. If the amount of color 
produced was direetly proportional to the amount of dextrose 
present in the three mixtures the same relationship of 10, 2, and 
| would be reproduced in the colors obtained after heating. 
In that case if after heating we diluted the mixture with the low- 
est dextrose concentration to 10 ce., the intermediate one to 20 
ec., and the one with the highest concentration to 100 ec., we 
should find in all three mixtures so diluted the same color, and 
would obtain the same reading on the Duboseq colorimetric 
scale. 

This was the procedure adopted in all the experiments given 
here. The results were plotted on a seale of which the ordinate 
gave the amount of color produced and the abscissa the varia- 
tion of each factor studied. A curve was thus obtained from 
each dextrose concentration. That obtained from the highest 
concentration is represented by solid dots, the intermediate by 
triangles, and the lowest by circles. The degree to which these 
curves fail to coincide represents the degree to which the produc- 
tion of color fails to be in direct proportion to the concentration 
of dextrose. 


Eff ct of T mperature. 


The effects of temperature variations were followed under a 
number of different conditions, but it will be sufficient to illus- 
trate the influence of this factor at three different alkali con- 
centrations, time remaining constant. Figs. 2, 3, and 4 show 
the effect of temperatures from 100-130°C. with 1, 4, and 10 
per cent concentrations of sodium carbonate. These figures 
refer to the concentrations present in the heated mixtures, except 
for the slight reduction arising from the acidity of the 2 ce. of 
0.8 per cent picrie acid in which the dextrose was dissolved. 

It will be noted that color production is not directly pro- 
portional to dextrose concentration under any of these condi- 
tions, for in no case do the curves exactly coincide. The general 
effect of temperature increase is in all cases to increase the color 
production, but even at the highest temperature and with the 
greatest alkali concentration the reaction is incomplete. 
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In this and in all the following charts the highest concentra- 
tion of dextrose is represented by solid dots, the intermediate by triangles, 


and the lowest by circles. 
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The lower the dextrose concentration the greater is the ac- 
celerating influence of a rise of temperature, and at alkali con- 
centrations above | per cent this leads to a crossing of the curves 
so that while at 100°C. the amount of color produced is relatively 
less with low than with high dextrose concentrations, the reverse 
is true at 130°C. 
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F1a. 4. 


Effect of Hydroxyl Ion Concentration. 


It is,apparent from the temperature curves that the factor of 
OH ion concentration is of primary importance in the reaction 
between dextrose and picrate. The influence of this factor was 
therefore studied in detail at varying temperature levels, time 
again remaining constant. The effect of variations in NasCQO, 
concentration from 1 to 10 per cent is given at temperatures of 
130, 120, 110, and 100°C. in Figs, 5 to 8. 

In none of these graphs is there an instance in which all three 
curves cross at the same point, and therefore under none of these 
conditions is color production directly proportional to dextrose 
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concentration. But in Fig. 8, with a temperature of 100°C, 
the curves are drawing closer together on more or less parallel 
planes so that it seemed that if the OH ion concentration could 
be still further increased they would almost merge with one 
another. Greater concentrations of NasCO; were impracticable 
since sodium picrate crystallizes out at room temperature and 
makes it impossible to read the color of the mixture with the 
lowest dextrose concentration which was diluted to only 10 ce. 
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Potassium carbonate could not be used because potassium 
picrate is even less soluble than sodium picrate. Greater OH 
concentration can, however, be obtained by using NaOH and we 
plotted curves of the results obtained with concentrations of 
from 1 to 10 per cent NaOH, but failed to find conditions suitable 
for the quantitative determination of dextrose concentration. 


Effect of Time. 


Lengthening the time of heating accentuates the effect of the 
alkali. When the dextrose solutions were heated at 100°C. with 
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10 per cent NasCO; for 45 minutes, the curves almost coalesced. 
The effect of time under these conditions is shown in Fig. 9. _ If 





these curves at 20 minutes are compared with those in Fig. 8 
at 10 per cent NasCQOs; it will be seen that from that point on- 
wards they represent the continuation of the curves of Fig. 8. 







The point of practical significance is that all dextrose con- 







centrations within the range of those derived from blood when 
heated for 45 minutes at 100°C. in the presence of 10 per cent 
NaeCOs and 0.8 per cent picric acid will yield an amount of color 





almost if not quite directly proportional to the concentration of 





dextrose present. 





CONCLUSIONS. 








When a solution of dextrose and picrate is heated in the pres- 
ence of an alkali the rate of production of a color resembling 





that of sodium picramate increases with increase in the OH 





concentration and in the degree and duration of heating. 





Although increase in dextrose concentration leads to an in 





crease in the rate of color production, yet within a range of dex- 






trose concentrations corresponding to those derived from hypo- i 
glycemic, normal, and hyperglycemic bloods the rate of color i 





yroduction is different for each concentration and does not change 
£ 





H 
in direct proportion to the change in dextrose concentration. But ; 
+ 





when an amount of sodium carbonate sufficient to produce a 





: 
concentration of 10 per cent is added and the heating is continued he 





Se 


for 45 minutes at 100°C. in the presence of 0.8 per cent picric 





acid, the rate of color production in all dextrose concentrations 





within the above range becomes almost if not quite directly pro- 
portional to the particular dextrose concentrations used. 





Se ee ee 





Addendum.--After this work had been completed we learned 





that Benedict! had arrived at somewhat similar conclusions and 






at the last meeting of the American Society of Biological Chemists i 
had outlined a method under which the disproportion between t 

. . - . ? 
color production and dextrose concentration 1s obviated. But 





we believe our results are worthy of publication since they a 





the foundation for a method of blood sugar estimation which 













we have found satisfactory. 





1 Benedict, S. R., J. Biol. Chem., 1918, xxxiii, -p. xviii 
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A MODIFICATION OF THE PICRATE METHOD FOR 
BLOOD SUGAR DETERMINATIONS. 








By T. ADDIS ann A. E. SHEVKY. 





(From the Medical Division of Stanford University Medical School, 
San Francisco.) 


(Received for publication, April 15, 1918.) 





We have shown in the preceding paper that there is a certain 
complex of conditions under which solutions of dextrose in any 
of the concentrations which may exist in the blood will produce 
degrees of color from which the actual concentrations may be 
determined with a considerable degree of accuracy. But this 
color production depends on a reaction which is always incomplete 
and which may be markedly affected by slight alterations in the 
medium. It was, therefore, possible that among the many sub- 
stances in the blood which are not precipitated by picrie acid 
there might be some which would alter the rate of reaction. 
Conditions suitable for the determination of dextrose dissolved 
in water would then not be adapted for blood filtrates. 

This question cannot be decided directly. But if the assump- 
tion is made that the true dextrose concentration of any blood 
filtrate may be determined by heating with picrate for 45 min- 
utes at 100°C. with 10 per cent NaeCO; and these filtrates are 
then treated as known concentrations of dextrose and curves of 
color production are plotted from the results obtained by heating 
them at higher temperatures and variable alkali concentration, 
any error in this assumption will be made apparent by a dis- 
agreement between the form of the curves obtained from the 
filtrates, in which the dextrose concentration has been thus es- 
timated, and the curves obtained from dextrose solutions known 





to contain these concentrations. 
Large amounts of blood filtrates were prepared from normal 
rabbits and from rabbits rendered hyperglycemic by means of 
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adrenalin, and curves under varying conditions plotted on the 
assumption that their dextrose concentrations had been correctly 
estimated under the conditions suitable for dextrose in water. 
Within the limits of the technical error of the method these 
curves were found to agree with those obtained from dextrose 
solutions of the same concentration. 





THE OBSERVED COLOR 
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DEXTROSE CONCENTRATION 
Fig. 1. 


lf there is any substance in blood filtrates which alters the rate 
of the reaction one would expect it to have less and less effect 
with progressive dilution of the filtrate. In that case the colors 
produced by dilutions of the filtrate would not have the direct 
linear relationship to one another in accordance with the degree 
of dilution which is yielded by dilutions of dextrose solutions in 
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water when they are heated at 100°C. for 45 minutes with 10 
per cent Nas-CO; and 0.8 per cent picric acid. In Fig. 1 the 
results of determinations of various dilutions of filtrates from 
the specimens of hyperglycemic blood are given. The broken 
line gives the theoretical dextrose concentrations arising from 
dilution. The actual determinations approximate fairly closely 
to the theoretical. 

There is thus no evidence that picrie acid filtrates from rab- 
bit blood contain any substance which alters the rate of colo: 
production, and therefore, the conditions found best for the de- 
termination of dextrose in water apply also to the dextrose in 
blood filtrates. 

The accurately regulated autoclave we have described is not 
necessary since the optimum temperature is 100°C. But the 
conditions existing in an open water bath are not sufficiently 
uniform. Air currents passing over the tubes while they are 
being heated induce slight differences in the amount of water 
evaporating from them, and consequent inequalities in the con- 
centrations of alkali and dextrose which, in a reaction so delicate 
as this, may be sufficient to lead to appreciable error. ‘These 
are prevented by covering each tube with a rubber cap through 
which a small puncture has been made. The caps stretch when 
the tubes are placed in boiling water and the puncture opens 
but closes again when the temperature has become uniform. 

Variation in the condensation of water on the sides of the tubes 
is prevented by heating them in a closed vessel. We have found 
the usual household electrical coffee percolator convenient. The 
central tube is sealed at the top and holes are drilled along the 
sides so that the heated water passes out radially in all diree- 
tions (Fig. 2) 

The supply of heat is relatively large so that the water boils 
vigorously. There is a slight degree of steam pressure which 
may tend to minimize the effect of changes in barometric pres- 
sure. We have not noted any appreciable change in tempera- 
ture under varying weather conditions. A thermometer whose 
bulb is in contact with the heated plate at the bottom of the 
percolator gives a reading of 101°C 

The details of the technique we have used are as follows 
The picrie acid used was an 0.8 per cent solution in water. The 
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sodium picrate was prepared by neutralizing this picric acid solu- 
tion with NaOH in substance, the amount required being deter- 
mined by titration using phenolphthalein as an indicator. These 
solutions were kept in dark bottles and frequently renewed. 
The sodium carbonate was made in 20 per cent concentration 





from Mallinekrodt’s monohydrated sodium carbonate. This solu- 
tion was standardized by titration to contain 20 per cent of the 
carbonate without water of erystallization. The picrate was 
measured from a small micro-burette, and the sodium carbonate 
from a Thompson pipette shown in Fig. 2. A 2 ec. Ostwald 
pipette was used for the blood filtrate. It is necessary that all 


glassware be accurately calibrated. 
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The blood or plasma was poured into a small weighing glass 
whose volume capacity had been determined, and which could 
be completely filled and stoppered without bubbles. It was then 
emptied into a small test-tube which contained 1.5 times as 
much picric acid as the volume of the blood or plasma. Picric 
acid in substance, 0.2 gm. for each 10 ce. of blood or plasma, 
was thoroughly stirred in with a glass rod. Parts of this mix- 
ture were repeatedly poured into the weighing glass and stirred 
in order to include that part of the blood or plasma which had 
remained adhering to the sides of the glass. The whole was 
then centrifuged and the supernatant fluid filtered through cot- 
ton wool. 

The filtrate was pipetted into test-tubes in 2 cc. volumes, and 
1 ce. of sodium picrate and 3 ec. of NasCO; were added. These 
quantities were delivered to the bottom of the tubes and not 
allowed to drain down the sides. The tubes were gently shaken 
to insure mixing, covered with rubber caps, and kept in the per- 
colator for 45 minutes. After heating they were placed at once 
in ice water for 10 minutes, then transferred to water at room 
temperature, diluted, and read in a Duboseq colorimeter. 

As a direct proportion between color production and dextrose 
concentration is not exactly attained, even under these conditions 
it is necessary that the relation between them be accurately de- 
termined. For this purpose various concentrations of dextrose 
were prepared of such strength that they varied from 0.066 to 
0.0066 per cent when mixed with picrate and alkali in the tubes. 

The solution produced after heating by the 0.066 per cent 
concentration was diluted to 100 ce. and the others in direct 
proportion, 0.033 per cent to 50 ec., 0.0066 per cent to 10 ee., 
ete. The colors so diluted were read against a sodium picramate 
standard! and the results plotted on a graph whose abscissa gave 
hoth the concentration of dextrose and the degree to which it 
had been diluted. 

This standard curve shown in Fig. 3 gives the relation between 
concentration of dextrose and color production under the con- 
ditions here deseribed and is adapted for use in calculating dextrose 

' The color of this standard was equal to the color produced by heat- 
ing 28.7 mg. of dextrose dissolved in 2 ec. of picric acid with 1 ce. of sodium 
picrate and 3 ec. of 20 per cent NaeCOx, and afterwards diluting to 50 ce 
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concentrations in blood from 0.5 to 0.05 per cent. At least thre 
tubes are prepared from each filtrate.". After heating, one of them 
is diluted to such a degree as to give a reading between 15 and 
20 against the picramate solution mentioned above. From this 
result a preliminary estimation of the dextrose coneentration 
is made assuming as standard the dextrose concentration on 
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CONCENTRATION OF DEXTROSE 


Fig. 3. 


the curve which coincides with the dilution used and employing 
the tormula 


Reading of the assumed standard 
Reading of the unknown 


concentration of dextrose in assumed standard 


dilution of the assumed standard 


dilution of the unknown= concentration of dextrose in unknown 


This done, it is only necessary to dilute the remaining tubes to 


the required degree found from the preliminary estimation, and 
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to recalculate the results after replacing the figures for the as- 
sumed dilution by those of a concentration of dextrose nearest 
to that of the unknown. The results so obtained give the con- 
centration of dextrose in the tubes and since the blood or plasma 
was diluted to 2.5 times its volume with picrie acid in order to 
remove the protein, and since the 2 ec. of filtrate was diluted to 
3 times its volume by picrate and alkali, the percentage con- 
centration found in the tube must be multiplied by 7.5 to obtain 
the concentration of dextrose present in 100 cc. of the blood on 
plasma. 

Work carried out with this method will soon be reported and 
the probable error of the determinations will then be given. 


CONCLUSIONS. 


1. Pierie acid filtrates from rabbit blood or plasma contain 
no substance which alters the rate of color production in heated 
mixtures of dextrose, picrate, and alkali. 

2. A method whereby determination of blood or plasma dex- 
trose concentration may be earried out with simple apparatus Is 


at seribed. 
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concentrations in blood from 0.5 to 0.05 per cent. At least thre« 
tubes are prepared from each filtrate." After heating, one of them 
is diluted to such a degree as to give a reading between 15 and 
20 against the picramate solution mentioned above. From. this 
result a preliminary estimation of the dextrose coneentration 
is made assuming as standard the dextrose concentration on 
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Fig. 3. 


the curve which coincides with the dilution used and employing 
the formula: 

Reading of the assumed standard 

Reading of the unknown 

concentration of dextrose in assumed standard 

dilution of the assumed standard 


dilution of the unknown = concentration of dextrose in unknown 


This done, it is only necessary to dilute the remaining tubes to 
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to recalculate the results after replacing the figures for the as- 
sumed dilution by those of a concentration of dextrose nearest 
to that of the unknown. The results so obtained give the con- 
centration of dextrose in the tubes and since the blood or plasma 
was diluted to 2.5 times its volume with picrie acid in order to 
remove the protein, and since the 2 ce. of filtrate was diluted to 
3 times its volume by picrate and alkali, the percentage con- 
centration found in the tube must be multiplied by 7.5 to obtain 
the concentration of dextrose present in 100 ce. of the blood on 
plasma. 

Work carried out with this method will soon be reported and 
the probable error of the determinations will then be given 


CONCLUSIONS. 


l. Pierie acid filtrates from rabbit blood or plasma contain 
no substance which alters the rate of color production in heated 
mixtures of dextrose, picrate, and alkali. 

2. A method whereby determination of blood or plasma dex- 
trose concentration may be carried out with simple apparatus is 


at seribed. 
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Due to the pioneer work of Hopkins, Osborne and Mendel, Fur ind 
\ieCollum it is now possible, using the rat as the experimental anim 
obtain quantitative data on the specific dietary qualities of many ma- 
terials used as nutrients. The importance of the standardization of the 
method of experimentation in work of this nature has been emphasized 
by the eagerness with which investigators other than those already men- 
tioned have seized upon the opportunity to obtain results applicable not 
only in the nutrition of animals but of man as well. Already data, though 
more or less fragmentary in character, have been accumulated in relation 
to the following materials: maize wheat oats rice,* peas,’ cottonse d 
meal,® navy beans,” SO\ beans peanuts Wheat embrvo nd some 


inimal tissues 





* Published with the permission of the Director of the 
ment Station. 
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Though the data cover a considerable range of nutrients from diverse 
sources much remains to be accumulated before the human dietitian or 
the animal feeder—unless willingly assuming the rdéle of a speculator-—can 
state what limiting factors are imposed on an animal by subsistence on a 
ration compounded from various sources. 

In this biological method of analysis results are obtained which are not 
always directly applicable to animals of different species. For instance, 
it has lately been found in this laboratory that the requirements of birds 
for the water-soluble vitamine are far greater than those of the rat.” 
Specific unequivocal data can only be obtained by direct experimentation 
on the animals in question. In this connection it must not be forgotten 
that the difference in the anatomical features of the digestive tracts of 
different animals entirely precludes the possibility of obtaining comparable 
data of the nutritive value of rations for the ruminant, for example, as 
compared with the rat. Data on the supplementary value of different 
concentrates and roughages for milk production—a problem of tremendous 
importance under present economic conditions—must be obtained by di- 
rect experimentation on the dairy cow as carried out by Hart and Hum- 
phrey'’ in the course of the last 4 years. As ‘‘ guiding information’’ for the 
outlining of future work much of value can, however, be obtained by the 
use of the rat as the experimental animal. When once the dietary proper- 
ties of various naturally occurring foods have been ascertained indi- 
vidually, it will in many cases be possible to forecast with a considerable 
degree of certainty the nutritive values of combinations of these. In 
any case the situation is far from being simple as is especially evident in 
the case of protein supplementation where the eighteen amino-acids must 
be considered as the physiological units, many of which, by the inability 
of the body to synthesize them, can act as growth determinants 


In this paper are presented the results of experiments with 
barley which in themselves may not offer any striking peculiari- 
ties, yet they may serve to allay the fears of those dietitians con- 
cerned over the use of barley as a wheat substitute. By com- 
parison of these data with such data as are available for maize, 
oats, and wheat it is indicated that the barley kernel does not 
differ essentially from these grains in its nutritive properties. 

The method of experimentation was essentially that previously 
used with other materials in this laboratory.’-°:*' The whole 
barley grain was ground to a coarse meal, then dried at 70—80' 
for 2 hours, and ground up very fine. To this meal were added 
the various supplements; protein by the addition of casein, fat- 


‘2 Unpublished data. 
1S Hart, E. B., and Humphrey, G. C., J. Biol. Chem., 1915, xxi, 
1916, xxvi, 457; 1917, xxxi, 445. 
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soluble vitamine by the addition of butter fat, and salts in the 
form of a complete salt mixture or its components. These addi- 
tions were made singly and in the various possible combinations. 
In a few instances where it was advisable to add the water-sol- 
uble vitamine this was added in the form of a 95 per cent alcohol 
extract of ether-extracted wheat embrvo. 


DISCUSSION. 


Barley alone is unable to meet the demands of the growing 
animal or even to allow noteworthy amount of growth to take 
place. The addition of the fat-soluble vitamine in the form of 
butter fat improves its growth-promoting quality to some extent, 
but the addition of casein is of little if any benefit. In fact the 
animals on this latter ration seemed to be more susceptible to 
cutaneous infection. Of the single additions, the salt mixture 
by satisfying the demands of the animal for the elements in the 
group calcium, chlorine, and sodium exerted the most beneficial 
influence. When only these were supplied, however, the animals 
were not able to maintain themselves as long as when the com- 
plete salt mixture was added. Gaseous intestinal fermentation 
with abnormal distention of the tract seemed to be the immediate 
cause of death. The important rédle of the mineral elements 
is again brought out when multiple additions were made; only 
where salts were one of the additions was substantial growth 
noted. Where all these additions, z.e. salts, protein, and fat- 
soluble vitamine, were made, normal growth, reproduction, and 
rearing of the young became possible. 

Jarley contains an abundance of the water-soluble vitamine 
ven when the amount of barley was reduced to 60 per cent of th 
ration it was found possible for a female to rear a litter of young. 
On 40 per cent of barley growth was entirely normal, but no 
young were reared. On 20 per cent growth was not quite normal. 
In an attempt to have the females on this ration raise their young, 
three litters consisting of a total of fourteen young averaging 5 
gm. in weight were reduced to three and left with the nursing 
mothers. They gained rapidly in weight up to an average of 26 
gin., but then started to lose until they averaged but 19 gm. At 
this time they gave definite evidence in their behavior that the 
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suffered from a lack of the water-soluble vitamine. They ap- 
peared to be paralyzed posteriorly, yet spasmodically without 
any apparent cause they would dart up the sides of the cage in 
the most excited manner. For 2 days they were given cow’s 
milk with a medicine dropper in addition to what nourishment 
they got from their mothers, but with no resultant improvement. 
They were then put with normal nursing mothers. Improvement 
was evident by the next day and growth thereafter was rapid. 
They were kept until they averaged 118 gm. in weight. When 
the amount of water-soluble vitamine was reduced in amount to 
that contained in 10 per cent of barley, growth was markedly 
interfered with. The persistence of the’ function of reprodue- 
tion even under these conditions was indicated in the ease of Rat 
{8 which was started on the ration when almost one-third grown 
She gave birth to three litters of voung. The first litter of four 
grew rapidly, attaining the combined weight of 62 gm. bv the 
13th day, but 6 days later they had gained only 4 gm. more. 
Thereafter they lost weight rapidly, two dying on the 22nd day 
after showing symptoms indicative of a lack of water-soluble 
vitamine. The other two were killed by a foster mother who 
refused to adopt them. The second and third litters were kept 
only a few days. It is suggestive that while the young of the 
first litter averaged 5 gm. in weight those of the second averaged 


t gm. and those of the third still less; ¢72.,3.3 gm. It is, of course, 
possible that the young of the second and third litters were born 
prematurely, but as indicated by the curve of weight increase of 
the mother (Chart 15) this is hardly probable. It is also possible 
that the size of the litters may have had some influence on the 
average weight of the young, vet in our colony we have nevet 
noted such great differences in weight with suecessive litters of 
average size. May it not be more probable that with a deficiency 
in the water-soluble vitamine so as to interfere with extrauterine 
growth we may have with a repeated strain of reproduction in- 
terference with intrauterine growth as well. When the young 
of the different litters were born and subsequently, the mother 
was in excellent nutritive condition. When later transferred to a 
ration such as is used for our stock colony, this same rat gave 
birth to a litterof four which averaged over 6 gm. in weight and 


erew to be normal rats. 
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While barley contains an abundance of the water-soluble vita- 
mine, it is deficient in the fat-soluble vitamine. ‘This was indi- 
cated by the improvement in growth when butter fat was added 
and by the fact that some of the rats on rations without fat- 
soluble vitamine additions developed a purulent conjunctivitis. 
When all requirements other than that for fat-soluble vitamine 
have been provided for, the amount of fat-soluble vitamine in- 
troduced with 15 per cent of barley, so far as improvement in 
growth is concerned, is negligible. 60 per cent, however, im- 
proves the ration markedly. The deficiency in this factor cannot 
be very great, vet it is sufficient to be a factor of importance, 


especially when intensified in action by other deficiencies. 


The protein content of barley (13.6 per cent) is too low for 
continued growth at the normal rate. When reduced in amount 
to 8.1 per cent, the small amount of growth that results is 
soon followed by a decline. 5.4 per cent just about suffices for 
maintenance. 

The primary growth determinant in barley is inorganic salts. 
Of secondary importance, but no less urgent, are protein and 
fat-soluble vitamine. 





CHART 1. 
Barley alone does not meet the requirements for growth, 
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Cuart l. Ration 1. Young rats are unable to grow on barley as the sole 
source of nutrients All of these rats ultimately became afllicted with 
multiple infections of the ears and tails which in some cases gave indi- 
cations of a tendency to spread to the legs and other parts of the body. 
Such infections, as we are inclined to consider them, can be cured by treat- 
ment with tincture of iodine. The deficiencies in the ration are the pre- 
disposing factors as rats on good rations are with few exceptions not sub- 
ject to them and those on poor rations show gradual improvement upon 


making suitable dietary modifications 
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CHART 2. 
Barley diluted with dextrin to 80% was adopted as the basal ration. 
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Cuart 2. Ration 71. Growth on 80 per cent of barley as on barley alone 
(Chart 1) is impossible. The 20 per cent of dextrin in the ration has no 
special physiological properties except to furnish energy. By substituting 
various constituents for part or all of the dextrin, the modifications neces- 
sary to make barley a complete food are later brought out 





CHART 3. 
Barley fortified with the fat-soluble vitamine improves its growth- 
ities slightly 
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Cuarr 3. Ration 2. Butter fat, rich in the fat-soluble vitamine, is not 
able to cover the deficiencies in the nutrients obtaining in barley. The 
growth performance of these animals is a little better than on 80 per cent 
of barley without supplements. These animals were just as subject to in- 
fections as those not receiving additional amounts of the fat-soluble 
vitamine 





CHART 4, 
Though the protein content of barley is low (13,6%) yet fortification 
with casein does not improve it as a food, 
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Cuart 4. Ration 4. When barley is supplemented with easein no im- 
proved condition, as indicated by the failure of the experimental animals 
to grow, is apparent. In fact, none of the rats on any of the other ra- 
tions of this series went into such a miserable condition as these; a high 
protein ration in the absence of other essential factors of proper alimenta- 
tion aggravates the condition of heightened susceptibility to multiple 
infections 
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CHART 5. 
Salt additions improve barley as a food more than the addition of either 
fatesoluble vitamine or protein, 
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Cuart 5. Ration 3. Salts alone of the single additions of the important 
dietary factors to barley are able to bring about the utilization of nutri- 
ents otherwise latent in their relation to satisfying the growth impulse 
Mineral elements are the primary growth determinants. 

The salt mixture used, Salt Mixture 1, was a complete salt mixture 
which has been used in this laboratory by McCollum. It is far more 
complex than necessary but the possibility of direct comparison of these 
experiments with previous results was thought to make its use advisable 
It had the following composition 


NaCl 0.173 
MgSO, (anhydrous 0. 266 
NaH, PO,. HO 0.347 
K»HPO, 0.954 
CaH,(PO,),.H,0 0.540 
Iron citrate 0.118 
Calcium lactate 1.300 


This mixture was dried at 95° and then ground Due to loss of water 


in drying, the amount of the above mixture actually incorporated with 
3.7 parts in 100 gm. of the ration was 4.3 parts 





CHART 6. 
96.3% instead of 80% of barley with salt additions gives approximately 
the same results. 
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Cuart 6. Ration 72. When barley alone is supplemented with salts, 
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the additional amounts of the essential dietary factors, furnished by the 
16.3 per cent of barley, do not alter the situation indicated in Chart 5, 
Ration 3. Growth for any long period of time even with this addition is 
not possible and even maintenance ultimately fails. Rat 288 after 9 


weeks on this ration became afflicted with edematous eves indi ve of a 


probable deficieney of the fat-soluble vitamine 
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CHART 7, 
The most urgent mineral deficiencies are included in the group calciun, 
chlorine and sodium. 
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Cuart7. Ration 73. Barley supplemented with sodium chloride and cal- 
cium lactate was not as good a ration as when supplemented with a com- 
plete salt mixture. Three of the rats died within 4} months after being 
started on this ration. Postmortem examination revealed constipation 
with gaseous fermentation. 





CHART 8, 
Supplementation with both casein and fat-soluble vitamine leads to 
little if any better results than with either alone, 
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CHART 9, 
Supplementation with casein together with salte produces marked im- 
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Cuart 9. Ration 6. When barley is supplemented with a complete 
salt mixture in addition to casein, the accentuated untoward effects of 
casein supplementation alone are mitigated. Growth, though irregular, 
occurs. Supplementation is far from complete, and death ultimately 
supervenes. 
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CHART 10, 
Supplementation with butter fat and salts produces marked improvement. 
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Cuart 10. Rations 7A and 7B. Supplementation with butter fat and 
salts leads to little better response in growth than supplementation with 
casein and salts. That the low protein content (10.9 per cent) is now the 
growth determinant is seen when Ration 7B was fed. With the addition 
of 11.3 per cent casein, as Well as salts and butter fat, none of the harmful 
effects of a high protein diet so evident in Ration 4 were observed. With 
complete supplementation the protein is metabolized normally and utilized 
in the building up of new structures. 


CHART 11, 
Supplementation with salts, fat-soluble vitamine, and protein permits 
normal growth, reproduction,and reari 
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Cuart 11. Ration 8. While no additions of any two dietary factors were 
able to make barley a complete food (Charts 8, 9, 10) additions of three, 
viz. protein, salts, and fat-soluble vitamine, made normal growth, repro- 
duction, and even rearing of the young possible. Rat 30, while its growth 
curve was irregular, gave birth to five young of which three were reared 
in 29 days to an average weight of 42 gm. 
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CHART 12. 
60% of barley as the source of the water-soluble vitamine sufficed for 
normal ovth oduction,and the reari of some yo ° 
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CuartT 12. Ration 9. In all the rations so far presented no less than 80 
per cent of barley furnished the water-soluble vitamine. On this ration 
containing 60 per cent of barley, Rat 33 gave birth to two litters of young 
The first was disposed of before it could be weighed, but the second con- 
sisting of eight young after being reduced to four was raised in 36 days to 
a total weight of 210 gm. Continued on the mother’s ration. these also 
grew normally, but they failed to raise their young. 


CHART 13. 
40% of barley as the source of water-soluble vitamine sufficed for 
normal growth and reproduction but not for the rearing of you 
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Cuarr 13. Rations 10A and 10B. Growth and reproduction were en- 
tirely normal on this low level of water-soluble vitamine, but no young 
were reared. Two young from the first litter of Rat 38 were raised to a 
combined weight of 47 gm. in 18 days, but 6 days later they had been 
disposed of by the mother. Cannibalism in a non-vicious normal nursing 
rat is never indicated unless the young are dead or enfeebled. The liberal 
addition of water-soluble vitamine in the form of an alcoholic extract 
of ether-extracted wheat embryo did not turn failure into success. A 
number of factors may have been responsible for this, but we are not 
certain which it is. 
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CHART 14. 


20% of barley as the source of water-soluble vitamine still sufficed 
for nearly normal owth. 
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Cuarr 14. Rations 11A and 11B. While growth was practically normal 
and reproduction was entirely normal, rearing of the young as on Ration 
10A (Chart 13) was impossible on account of a too low water-soluble vita- 
mine content. This was definitely indicated by symptoms observed in 
the young. Rats 41, 43, and 44 had in their first litter a total of fourteen 
young Weighing 71 gm. These were entirely normal. They were reduced 
in number to three which the three mothers in 16 days raised to a total 
weight of 72 gm. 5 days later they had dropped in weight to 58 gm. At 
this time they appeared as though partially paralyzed, especially poste- 


riorly, yet spasmodically they would suddenly rush around and dart up 
the sides of the cage. Artificial feeding with fresh cow’s milk for 2 days, 


in addition to what nourishment was provided by the mothers, did not 
induce any improvement; they still showed intermittent periods of hyper- 
sensitivity. After being with foster mothers for 4 weeks, they collectively 
Weighed 298 gm. and appeared to be entirely normal rats. Female rats 
on a water-soluble vitamine-poor ration are able to produce viable young 
but are unable to nourish them properly. When changed to Ration 11B 
in which this dietary deficiency did not exist, each of the three females 
produced a litter of young which was reared successfully 
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CHART 15. 
10% of barley as the eource of the water-soluble vitamine no longer 
sufficed for normal growth. 
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Cuarr 15. Ration 12. Though normal growth was no longer possible, 
one female, Rat 48, started on this ration when almost one-third grown, 
was able to produce consecutive litters of young and showed a remark- 
able ability to nourish the first litter. It raised a litter of four weighing 
20 gm. to a total weight of 62 gm. in 13 days. 6 days later they weighed 
only 4 gm. more. Thereafter they lost weight rapidly, two dying on the 
22nd day when they showed symptoms identical in character with the young 
of the females on Ration 11. The other two were killed by a foster mother 
who refused to adopt them. Later, Rat 48 had two more litters, neither 
of which it kept longer than a few days. When changed over to a mixed 
ration such as is used for the laboratory stock, it had a fourth litter which 
was raised in normal manner. The previous severe regimen had not inter- 
fered permanently with the function of normal milk production. 


CHART 16, 
Reduction of water-soluble vitamine to that in 5% of barley allows 
practically no growth. 
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Cuart 16. Rations 40A and 40B. Correction of the dietary deficiency 
of water-soluble vitamine in Ration 40A by the addition of the alcoholic 
extract of ether-extracted wheat embryo caused prompt resumption of 
growth. This is not as sharply indicated as is usually the case because 
the rats were on a slight uphill grade in one of the waves of weight fluctua- 
tions before the change of rations was made. The young of one of the 
females were disposed of by the mother before a record of them could be 


obtained : 
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CHART 17. 
60% of barley does not contain enough fat-soluble vitamine for growth. 


887 


Cuart 17. Ration 221. While the fat-soluble vitamine is not the primary 
growth determinant in barley, yet a deficiency of it was indicated in Rat 
288 (Chart 6, Ration 72) which suffered from a conjunctivitis. In this 
ration we have an interference with normal growth which dietetically 
can have been caused only by a deficiency of the fat-soluble vitamine. All 
the other requirements as demonstrated in the previous charts had been 


met 


CHART 15, 
15% of barley furnisnes but negligible amounte of fat-soluble vit 
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Cuart 18. Rations 220A and 220B. On the addition of fat-soluble 
vitamine in butter fat prompt resumption of growth occurred; all other 
dietary requirements had previously been met. 
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CHART 19, 
8.1% of barley protein allowe but little growtn. 
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CHarr 19. Rations 14A and 14B. On 8.1 per cent of barley protein as 
compared with 10.9 per cent in Ration 7A (Chart 10) the amount of growtl 
is far less. In this ration the growth impulse inhibited by the low pro- 
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* tein diet did not readily manifest itself when the protein content was 

increased by the addition of casein. 

CHART 20 
5.4% of barley proteir allows still less growtn,. 
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THE ORIGIN OF CREATINE. III. 
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During the past few years Thompson reported numerous injectio 
experiments With arginine on rabbits, ducks, and dog In most instances 


he was able to observe an increase in the elimination of creatine In the 


urine and in some an increase in muscle creatine as well Myer nd 
Fine* found that the creatine content of the muscle of rats was slightly 
increased as a result of feeding with edestin protein relatively rich in 


arginine. In our experiments we were unable to obtain decisive results 
with arginine To be sure, an increase of creatine in the urine followed 


one injection but a similar result was obtained in the control histidine 


experiment. Riesser tudied the effect of injections of choline, betaine 
and sarcosine on the creatine content of rabbit musele and urine. In eacl 
case the substance was administered with urea. This investigator be- 


lieves that all three substances may produce an increase in the creatine 


content of rabbit muscle 77 MmMpson howe ver did not observe Al iddi- 


tional increase in the creatine elimination when betaine or choline was 


i.dministered with arginine, nor did the feeding of sarcosine with guani- it 
dine increase the creatine output The theoretical considerations whic! IK 
led to the above experiment © CGISCUSSE i by Riesser i 


We have had OCCASION tO perfus several of these substances 


ii 


through dog muscle. While the results varied somewhat, posi- 
tive indications were obtained with choline and sarcosine in 


eral experiments. However the magnitude of the increments and 





the possibility of experimental errors are such that we dee 
unwise to assign the role of creatine precursors to thes iby 


stances. It appears to us that eaution must be observed 1 hie 


Thompson, W. H., J. Physvol., 1917, li, ii 

Thompson, J. Physiol., 1917, li, 111 

Thompson, J. Physiol., 1917, li, 347 

Myers, V. C nd Fine, M. 8., J. Biol. Che 1915, xxi, 389 
Riesser, O., Z hysiol. Chen 1913, Ixxxvi, 415 


* Riesser, Z. physiol. Chem., 1914, xe, 221 
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terpreting these and similar experiments until considerable more 
evidence has accumulated. At present, we wish to record the 
results without committing ourselves to a definite conclusion. 

Methylguanidine has been tested a number of times by former 
investigators.’ In all instances the results have been negative. 
In our experiment the muscle of a dog that had been placed on 
a creatine-free diet for several months (preceding the experiment ) 
was analyzed before and after the injection of methylguanidine. 
No increase in muscle creatine was found. Perfusion experiments 
with this substance were unsuccessful owing to its powerful con- 
stricting effect upon the blood vessels. 

Volhard® synthesized creatine from cyanamide and sarcosine. 
Jaffé® found that glycocoll administered with eyanamide did not 
neutralize its toxic action. Owing to its poisonous effect our 
injecdon experiments with cyanamide were inconclusive. 


EXPERIMENTAL, 
Arginine. 


Experiment 1.—A dog weighing 7 kg. was fed each day with 220 cc. of 
fresh milk and 160 gm. of dried bread. The urine was obtained by means 
of a catheter. The bladder was washed with boric acid solution. The 
arginine and histidine were dissolved in 40 ec. of water and neutralized 
with acetie acid 

Burns, D., Biochem. J., 1916, x, 2638 
> Volhard, J., Sitzungsh. koenigl. bayer. Akad. Wissensch., 1868, ii, 472. 
» Jatfé, M., Z physiol Chem... 1906. xlviti, 430 
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TABLE I. 


Effect of Arqinine and Histidine Injections on the ¢ Om pos lion of the l ine. 





Day Volume Creatinine Creatine.* rotal N Urea N NH3N 
‘ g g gn 9 y? 

l 525 167 a) 3.801 3.075 0. 221 

4 500 160 6 3.925 3.217 0.206 

3 100 159 2 3.320 2. 633 0.149 

4 100 160 S $708 >. O62 0.201 

5 100 165 13 2. 2 655 0.145 

6 100 150 6 }.030 2 469 0.104 

7 110 165 2 3. 542 2.811 0.208 

be 400 150 2 3.120 9 562 0.151 

Ot 100 167 ] 2.820 2.248 0.161 

10 170 159 15 3.412 2.é15 QO. 222 
\verage 160.2 6.4 3.391 2.748 0.177 
lif 545 161 9 3. 643 2.924 0.181 
12t 400 160 29 3.788 3.157 0.144 

13 410 72 1] 335 2.773 0.146 
Average 164 16 3.588 2.951 0.157 
14 115 167 5 >. 1S] 2.539 0.148 

15 110 175 3 3. 375 2.799 0.163 

16 410 165 15 3.283 2.802 0.140 

17 450 170 13 3. §25 2.947 0.210 

18 400 169 8 3.153 2 560 0.156 
Average 169 § 3.303 2.729 0.163 
19§ 100 162 13 3. 206 2.664 0.144 
20§ 100 172 15 3.744 3.052 0.179 

21 400 171 6 2.742 2.269 0.125 
Average 168 11 3.240 2.661 0.149 





* Creatine expressed as creatinine 

t The food was not entirely consumed 
t Injection of 2 gm. of arginine. 

§ Injection of 1.6 gm. of histidine. 
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Experiment 2 \ bitch weighing 7 kg. was fed with 220 cc. of fresh 
milk and 160 gm. of dried bread each day. 





j 
TABLE II. 
Showing the Effect of Arginine Injections on the Composition of the Urine 
Day Volume Creatinine Creatine.* lotal N Urea N NHaN 
ce mg mg gm gn gm. 
l 1) 180 5 3.889 2.974 0). 280 
2 100 189 20 3.396 2.791 0.183 
i 3 100 162 14 3.301 2.623 0.190 
j 100) 178 14 3.578 2. 886 0.171 
{ 5 110 72 9 3.478 2.758 0.155 
“ 6 100 164 25 3.573 2.966 0.166 
Average 174 14.5 3.536 2.833 0.191 
# 7 560 178 14 1.233 3.087 0.210 
i Si 105 178 4 3.780 3.021 0.194 
4 9 105 191 6 3.456 2.833 0.172 
: 10 110 192 3 3.803 3.133 0.185 
\(verage i85 7 3.818 3.018 0.190 
* 


Creatine expressed as creatinine. 


2 gm. of arginine injected. No toxic symptoms 
yin} 


Experiment 3.—The liver of a dog weighing 25.4 kg. was ligated with a 
rubber tourniquet and a portion removed for analysis. The remainder 





was perfused for 1 hour in situ with a solution containing 2 gm. of arginine, 
1.56 gm. of KH, PO,, 25 ec. of 0.9 per cent NaCl solution, and 255 ec. of defi- 
brinated dog blood. The pressure of the perfusate ranged between 40 and 60 
mm. of mercury. The technique of perfusion was described in a previous 
article.!° Throughout this paper the creatine content of the liver or muscle 
is expressed in terms of mg. per gm. of dry tissue. 


Perfusate Liver 
Volume Creatine Water Creatine 
ce mg. per cent per cent mq. per gm 
Before perfusion. . 270 14.8 75.02 1.13 


After nae 280 14.5 74.36 0.95 


> Baumann, L., and Marker, J. [., J. Biol. Chem., 1915, xxii, 49. 
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Sarcosine. 






Sarcosine with urea was perfused once through the liver and 
four times through the muscle of dogs. 
















7 


Experiment 1.—The leg of a dog weighing 14.5 kg. was perfused with 


defibrinated blood containing 4 gm. of sarcosine and 4 gm. of urea for 1 





hour. The entire limb weighed 2,625 gm. while the muscle weighed 1,250 









gm. 









Perfusate 







Volume Creatine 






g. per ce nt per cent ? per gm 








perfusion 225 12.3 73.83 16.01 
: 7 


15 5 ) 











Experiment 2.—The leg of a dog weighing 27 kg. was perfused for 1 hour 
with a mixture containing 30 cc. of 0.9 per cent sodium chloride solution, ; 





4 gm. of sarcosine, 4 gm. of urea, and 250 ec. of defibrinated dog blood. 






The entire leg weighed 1,930 gm. and its muscular tissue 1,135 gm 













Perfusate Muscle 









Volume Creatine Water. Creatine 








mg. per cent percent ng. per gm 





Before perfusion. . 280 12.6 67.48 11.75 1 
After 12.3 66.42 11.40 







Experiment 3.—The leg of a dog weighing 9.09 kg. was perfused for | 
hour with a solution containing 2 gm. of sarcosine, 2 gm. of urea, 25 cc. of 
0.9 per cent NaCl solution, and 255 ec. of defibrinated blood. The leg 


weighed 682 gm. in its entirety and the muscle weighed 454 gm. 















Muscle 


Perfusate 










Water 





Volume Creatine Creatine 








ce mg. per cent, per cent mg. pergm 
Before perfusion. . 250 11 71.42 12.6] t 
’ 
After " 250 10.6 | 72.39 12.87 . 
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Experiment 4.—-The hind limb of a dog weighing 15.9 kg. was perfused 


with defibrinated blood containing 3 gm. of sarcosine and 3 gm. of urea for 


| hour 
Perfusate Muscle 
Volume Creatine Water Creating 
cc mg. per cent per cent mg. pe gr 
Before perfusion 175 15.1 472.82 13.17 
After os 225 12.4 74.46 14.44 
Experiment 6 Ihe left lobe of the liver of a dog was ligated and re- 


moved for analysis. The rest of the organ was perfused for 1 hour with a 
solution containing 150 ee. of defibrinated blood, 25 ee. of 0.9 per cent 


sodium chloride solution, 2 gm. of sarcosine, and 1.5 gm. of urea 


Perf ite Muscle 
Volur Creat Water Cre 
” per t per cent mg. per gm 
Before perfusion 200 11.2 67.36 0.705 
After 150 13.2 69.70 0.782 


Bi faine se 


Che hind leg of a dog weighing 24.1 kg. was perfused for 1 hour with a 
mixture of 200 cc. of defibrinated blood, 25 ec. of 0.9 per cent sodium chlor- 
ide solution, 3 gm. of betaine hydrochloride, and 3 gm. of urea. The betaine 
and urea were dissolved in the salt solution and neutralized with sodium 
hydroxide using phenolphthalein as an indicator. The total weight 
of the limb was 2,273 gm., that of the muscle alone was 1,477 gm. 


Perfusate Muscle 
Volume Creatine Water Creatine 
per cent per cent mg. per gn 
Sefore perfusion 225 14.3 73.47 14.02 
After 230 14.1 73.40 14.10 
( holine. 
Experiment 1.—The hind leg of a dog weighing 19.5 kg. was perfused for 


| hour, with defibrinated blood, to which portions of a neutralized solution 
of choline chloride and urea (each 3 gm.) were added from time to time. 
This procedure was adopted to avoid the pronounced constricting effect 


of choline on the blood vessels 
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Before perfusion 260 
300 . 3 14.68 
} nt 2.—The hind leg of a dog weighing 24.5 kg. w perfused for 
| hour with defibrinated blood to which were added 40 ec. of a neutralized 
watery solution of choline chloride (8 gm.) and urea is in the 


previous exper 


265 3 (3.0 14.1 


220) 72 14.54 


Experiment 3.—The hind leg of a dog weighing 29.3 kg. was perfused for 


1 hour with defibrinated blood, to which smal! qu intities of a neutralized 


> > 


solution of choline chloride (3 gm.) and urea (3 gm.) dissolved in 25 ee. of 


water were added from time to time. 


Before pertuslol 


After 


Experiment 4.—The hind leg of a dog weighing 8.4 kg. w perfused fo 
} 


| hour with defibrinated blood to which small quantities of a neutralized 


s 


solution of choline chloride (3 gm.) and urea (3 gm n 25 ec. of water 
*e 


were added from time to time The weight of the enti limb was 625 


gin., ‘ the muscle alone 400 gm 


Before perfusion Ist) 
210 


Mi th ylquanidine , 


\ sample was removed from the extensor muscles of the right hind leg 
of a bitch weighing 14.5 kg. and analyzed for water and creatine The 


diet of the animal for months before the experiment had consisted 








—. -* 
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of lard, bread crumbs, and skimmed milk powder. 2 weeks after the 
operation small quantities of a solution containing methylguanidine 
nitrate (9.3 gm.) and glycocoll (5.4 gm.) in water (100 ec.) were injected 
subcutaneously during a period of 5 days. After each injection the 
animal became restless, frothed from the mouth, and occasionally had 


diarrhea. The dog was killed after the last injection and a porti moo 
muscle from the left hind leg, exactly corresponding to that removed fo: 
; 


the control, was analyzed for creatine and water. The water ¢ mtent ¢ 
the muscle before and after the injection was 68.84 and 71.19 per cent, re 
spectively. The creatine content of the dry muscle was 9.8 me. per gm 


hoth hefore { nad ifter the injection 


Cyanamids 


\ bitch weighing 7.3 kg. was placed on a daily diet consisting of 220 ce 
of fresh milk and 200 gm. of dried bread. The urine was obtained quanti- 
tatively by means of a catheter 


PABLE Il 


Effect of the Injection of Cyanamide on the Composition he { 
Da Volur Cr nine Creatine Total N Urea N NHsN 
1 100 165 2 3.500 0.189 
2 100 164 18 t OSS 3.428 0.240 
; 115 da 1 3.960 3.32 0.206 
} 425 163 25 1.359 3.580 0.198 
4 100 167 6 $ 43S 3.614 0. 20S 
6 100 16S 20 $f 49] } 740 0. 202 
7 100 4 S $ SSS 3.850 0.182 
Average 167 12 +. 203 3.589 0.208 
S 550 160 99 $900 3.950 0.168 
) 100 143 61 1. 200 3.384 0. 280 
10 170 163 20) 1.717 3.860 0.298 
11 100 160 22 $.45S >. 388 0.252 
12 100 165 s 1.340 
13 HK) 165 21 $. 500 
14 S5 173 12 1.331 
Average 161 29 $489 


’ Injected 150 mg. of cyanamide. This was followed by vomiting and 
other toxic symptoms. 

t Injected 50 mg. of cyanamide. Even the smaller doses exerted a toxic 
effect, as manifested by anorexia and occasional vomiting. 


We are indebted to Dr. J. I. Marker for his assistance with 


the perfusion experiments. 
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This report concerns oxidations of butyric acid and accton 
in the presence of varying quantities of alkali and of glucose, the 
experiments having been devised with reference to the problem 
of acidosis of the diabetic or starvation type and of so ealled 
antiketogenesis. 

Dakin! showed that ammonium butyrate may be oxidized by 
hydrogen peroxide in faintly alkaline solutions to yield, along 
with products of oxidation at the a-carbon atom, other products 
namely, acetone and probably acetoacetic and 6-hydroxybutyric 
acids due to oxidations confined to the B-atom. Neubauer? mad 
a similar observation using potassium persulfate as the oxidizing 
agent, Whereas it is commonly held that oxidations of the fatty 
acids in vitro take place as a rule only at the a-atom. Thus 
under certain conditions butyric acid only gives proof of suscepti- 
bility to oxidative attack at the a-atom and under others at 
both the a- and B-atoms. It might be that the primary oxidatiy 
attack on the butyrie acid molecule is the same in each case but 
that the evidences of 6-oxidation are lost under the conditions 
of most laboratory oxidations. Another possibility is that th 
a- and g-atoms in butyric acid manifest varying degrees of sus- 


ceptibility to oxidation under varving physical chemical condi- 


“The work reported in this article Was done in relation to the ‘Studies 
on the Theory of Diabetes’’ being carried out under the direction of R 
T. Woodyatt in this laborator 

| Dakin, H. D., J. Biol. Chem.. 1908 iv, 77 

Neubauer, O., Deutsch. Arch. klin. Med., 1908-09, xev, 211 
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tions. In the present experiments the attempt was made to as- 
certain whether the point of oxidation may be shifted by varying 
the conditions of the experiment. Attention was given chiefly 
to two variables—alkalinity and quantity of glucose—whi¢h were 
chosen because of the following biological consideration. 

1. The so ealled acetone bodies are commonly assumed to 
arise in the organism from butyrie acid by oxidations at the 
B-atom. Their occurrence in abnormal quantities in the blood 
and urine is accompanied by a state of acidosis and the question 
arises as to the relationships which exist between alkali deficits 
and abnormal accumulations of 6-oxidation products of butyric 
acid in the body fluids.’ It is therefore of interest to ascertain 
whether an alkali deficit is fundamentally favorable to the greater 
formation of acetone bodies from butyric acid. 

2. In connection with the well known power of carbohydrate 
feedings to lessen or annul the acidosis of fasting, diabetes, ete., 
the question arises as to how glucose in the course of its metab- 
olism prevents all outward expression at least of 8-oxidations. 
Is the so ealled antiketogenic effect of carbohydrate the expres- 
sion of a purely quantitative decrease of the fatty acid com- 
bustion, a ‘‘sparing” effect of fat by sugar, or is it due to a 
qualitative alteration of the type of fatty acid oxidation, such, for 


’ It is undeniable that alkali may be administered to individuals with 
ketosis until the urine is alkaline and the hydrogen ion concentration and 
the bicarbonate reserve of the blood plasma are normal and that ketosis 
may still be present without acidosis in the sense that many now use this 
term. This is true, but it does not follow because a normal reserve of 
bicarbonate is observed in the blood plasma taken as a whole that there 
is no deficit of alkali anywhere in the body There may still be a shortage 
of effective alkali in the zones of chemical reaction within the cells where 
oxidations of fatty acids are going on 

In an earlier paper from this laboratory (Woodyatt, R. T., J. Biol 
Chem., 1915, xx, 129) emphasis was laid on the parallelism between the 
behavior of sugars in solutions of higher or lower alkalinity and their 
behavior in milder or more severe cases of diabetes, respectively. The 
work of Murlin and Kramer and their associates—showing apparently 
that alkali feedings may inerease the utilization of sugar in diabetes 
harmonizes with this view. Nor does the fact that alkali feedings do not 
increase carbohydrate utilization more than they do, constitute a valid 
objection to the conceptien that the normal utilization of glucose depends 


on alkali or its equivalent. 
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instance, as a shift in the center of attack away from the 8-atom 
and toward the a-atom? In either case is it, as some have sup- 
posed, a direet and purely chemical interaction between oxidizing 
glucose and oxidizing fatty acids, in which case it should be pos- 
sible to duplicate it by oxidizing butyrie acid and glucose simul- 
taneously in the same solution? Or is it an effeet which involves 
and depends upon changes in the cell architecture and one there- 
fore which could not be duplicated in vitro in a simple homo- 
gencous system? The experiments to be described were de- 
signed to give some light on these questions. 

Owing to the great difficulty of analyzing quantitatively a 
mixture such as is formed in these oxidations, only the aceton 
was determined quantitatively. This was done on the basis 
of the assumption that the amount of acetone present is a rela- 
tive index of the amount of other acetone bodies also present; 
.e., the amount of 6-oxidation products present in the mixture. 


EXPERIMENTAL. 


Variations lh the Alkalinity. 


Expe riment I. Action of Hydroge n Peroxide on Potassiun 
Butyrate in the Presence of Variable Concentrations of Alkali. 
1.4 gm. of butyric acid were weighed out in each of five flasks. 
Chey were all neutralized with potassium hydroxide. Additional 
potassium hydroxide was added as follows: to (1) none; to (2) 1.4 
om. or 0.5 molecule, to (3) 2.8 gm. or 1 molecule; to (4) 5.6 em. 
or 2 molecules; to (5) 11.2 gm. or 4 molecules. They were all 
diluted to 387 ec., and 1138 ce. of 3 per cent hydrogen peroxide 
were added (total volume 500 ec.), and the mixtures were allowed 
to stand at room temperature for 1 month. Even at the end 
of this time they all gave positive tests for hydrogen peroxide. 
100 ce. of each of these solutions were distilled at ordinary pres- 
sure by heating the distilling flask with a ceresin bath, at a bath 
temperature of not over 160°. The distillate of (1) had a strong 
odor resembling acrolein or crotonie aldehyde. This odor di- 
minished in the others and was absent in (5). These distillates 
were titrated for acetone by the Lieben iodoform method. From 
the 


the amount of iodine solution that was consumed in each eas 
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amount of acetone that could have been present in each experi- 
ment was as follows: (1) 0.293 gm., (2) 0.0973 gm., (3) 0.0567 
gm., (4) 0.0655 gm., (5) 0.0675 gm. In verifying these results th: 
solutions were used up. In every case solid iodoform separated 
out and the odor was unmistakable. 

Since in this series of experiments no effort was made to elimi- 
nate other compounds that form iodoform or that absorb iodine, 
another series was run. The same amounts of butyric acid and 
hydrogen peroxide were used. Each was diluted to a volume of 
500 cc. The amounts of potassium hydroxide used were as 
follows: (1) no exeess; (2) 0.125 molecule or 0.35 gm. in excess; 
3) 0.25 molecule or 0.7 gm. excess; (4) 3.8 molecule or 1.05 gm. 
excess; (5) 0.5 molecule or 1.4 gm. excess; (6) 0.625 molecule or 
1.75 gm. excess: (7) 0.75 molecule or 2.1 gm. excess; (8) 0.875 
molecule or 2.45 gm. excess; (9) 1 molecule or 2.80 gm. excess; 

10) 1.5 molecules or 4.2 gm. excess; (11) 2 molecules or 5.60 gm. 
excess; (12) 3 molecules or 8.4 gm. excess. These were distilled 
off as above after standing at room temperature 40 days. The 
amount of iodine consumed corresponded in (1) to 0.354 gm. of 
acetone, in (2) to 0.0764 gm. of acetone, in (3) to 0.0484 gm. of 
acetone, and in the remainder fluctuated a little but was about 
the same as in (3). Since in test experiments it had been found 
that when an acetaldehyde solution of known iodoform titer was 
heated with excess silver oxide in the presence of potassium hy- 
droxide, in pressure flasks for 2 or 3 hours, it no longer absorbed 
iodine when titrated by the customary todoform method, the abov: 
solutions were submitted to the same treatment. After the treat- 
ment was complete the silver and excess silver oxide were filtered 
out, the precipitate and filter were washed, and the filtrate and 
washings again distilled, because the silver salts interfered with 
the titrations. The acetone titrations obtained with these dis- 
tillates corresponded in(1) to 0.161 to 0.175 gm.of acetone; in (2 
to 0.030 gm. of acetone, and in the remainder of the experiments 
the values fluetuated between 0.030 and 0.040 gm. of acetone in 
each case, when calculated for the entire solution. 

The results of both seis of experiments show that the vield of 
acetone was greatest in the flasks containing the least alkali and 
declined rapidly im the dasks containing more alkali. 
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Experiment II. The Effect of the Total Amount of Alkali on 
the Yield of Acetone in the Oxidation of Butyric Acid by Hydroge 
Peroxide. [In some earlier experiments on the oxidation of oluc se 
with potassium permanganate? in the presence of variable concen- 
trations of alkali, it was found that there was a sharp chang 
to a maximum yield of oxalie acid when the total amount of alkali 
present was sufhcient to neutralize completely ail of the acids 
produced by the oxidation. Since variations in the alkali co 
eentrations of the body tissues must of nee ‘SsIty be small, 
since the total available neutralizing power may easily vary in 

much larger sense, it seemed desirable to repeat the oxidation 
of potassium butyrate under conditions in which the initial cor 
centration of the alkali in each experiment is the same while the 
total amount varies. In each experiment the potassium salt of 
1.4 gm. of butyric acid and 113 ce. of 3 per cent hydrogen perox- 
ide were used. The experiments and amounts of acetone obtained 
were as follows: 


lot 


POW) 
100) 
OOO) 
S00 
1,000 
1.600 0.045 
2 OOO 
t OOO 0.04 
I; comparal le with the results ol 
which the concentration of the all 
no question, therefore, but that the amount 
ivallable is a fundamental influenee on the amount 
und in these experiments. 


( 'ritical Ex pe } ie nts. 


It was thought that p rhaps the acetone formed in the mor 


ilkaline flasks in Experiments I and II was being (a) condensed 


by the alkali and (b) being ( t he peroxide. a) was 
ted first. 
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(a) Action of Alkali on Acetone.—50 ee. of a titrated acetone 
solution containing 0.05 gm. of acetone were mixed with 20 ce. of 
20 per cent potassium hydroxide solution and 80 cc. of water, 
making the solution 0.47 N alkali, and distilled. The distillate 
showed 0.05 gm. of acetone. 10 ec. of this 0.1 per cent acetone 
solution were added to each of three flasks containing 200 cc. of 
water, and 10, 20, and 30 ec. respectively, of 20 per cent potas- 
sium hydroxide were added. After standing 3 days at room 
temperature, all showed an identical titer of 1.0 gm. of acctone 
per liter for the aeetone solution used. 

These experiments showed that acetone is not condensed by 
alkali under the conditions used in these experiments. 

Portions of this acetone solution were also subjected to the 
treatment with alkaline silver oxide. In all cases some of the 
acetone was lost, showing thus that the amount of acetone sur- 
viving this treatment will be smaller than the amount originally 
present. 

In view of all the experimental work of other authors on the 
iodoform method for determining acetone and the experiments 
deseribed in the preceding paragraphs, it is probable that the 
data obtained by direct titration of the distillates in oxidation 
experiments like I and II give a result that is too high when 
ealculated entirely to acetone. Moreover, the titrations for 
acetone are probably too low after the treatment with silver oxide 
and alkali. But assuming that both series of results show the 
relative amounts of acetone present, it is clear that the amount 
of acetone present is larger the closer neutrality is approached. 
These experiments outwardly definitely verify the idea that a 
larger proportion of acetone bodies is formed in the more acid 
conditions. 

This conclusion is modified by special experiments designed to 
test its truth, which are deseribed under ()). 

(b) The Action of Hydrogen Peroxide on Acetone in Weakly 
Alkaline Solutions.—In some experiments on the oxidation of 
acetone with potassium permanganate in the presence of variable 
amounts of alkali’ it was found that at low concentrations of 


alkali the acetone mixture (2 gm. of acetone in 1 liter of solution) 


5 Witzemann, J. Am. Chem. Soc., 1917, xxxix, 2657. 
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came to equilibrium with unchanged acetone and oxidation could 
not be continued.® 

It was of interest to know whether the same thing occur: 
when hydrogen peroxide is used. It was found that although 
hydrogen peroxide does not act so vigorously as permanganat 
under these conditions, it nevertheless qualitatively gives th 
same result. 

50 ee. of an acetone solution containing about 2 gm. in 50 cé 
were added to 900 ec. of a solution containing enough alkali 
for 1 liter, having the following concentrations: (1) blank, 
alkali: (2) no alkali; (3) 0.01 N alkali; (4) 0.02 N alkali; (5) 0.03 
kali; (6) 0.05 ~ alkali; (7) 0.10 N alkali. After standing 5 days 
at room temperature 5 ce. were pipetted off and titrated fon 
acetone. Since the titration values were practically identical it 
was again shown that acetone is not condensed by these cone 
trations of alkali. 50 ee. of hydrogen peroxide (3.07 per cent 
were then added to each flask except 1) to which 50 ee. of wate 
were added. After remaining 13 days in a dark cupboard, hydro- 
gen peroxide was tested for by the chromic acid-ether test 
Only (2) showed the presence of hydrogen peroxide in this way 


5 ec. of each of the above solutions were pipetted off and 
placed in a flask with about 30 cc. of water. A pinch of manganes 
dioxide was added to decompose the hydrogen peroxide. Only 


two showed any evolution of oxygen. The mixtures were care- 
fully filtered, the filters washed, and the filtrates titrated for 
acetone as usual. 

In each experiment there were originally 2.11 gm. of aceton 
Che titrations showed a loss of 0.096 gm. or 4.8 per cent in (1 
0.096 gm. or 4.8 per cent in (2); 0.28 gm. or 13.2 per cent in (3 


0.30 gm. or 14.2 per cent in (4); 0.39 gm. or 18.5 per cent in (5 
0.46 gm. or 21.8 per cent in (6); 0.47 gm. or 22.2 per cent in (7 

A careful restandardization of the iodine and thiosulfate solution 
showed that their titer was unchanged and the loss in (1) and 
2) was presumably due to other causes than errors in titration. 
That this error was incurred during the treatment with man- 
ranese dioxide and the subsequent filtration was shown in an- 


other series of experiments in which the hydrogen peroxide was 


6 Sachs F., Ber. chem. Ges., 1901, xxxiv, 497. 
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all decomposed without any treatment with manganese dioxid 
and in which the acetone content was found to be practically un- 
changed. If these solutions were then put through the manganes¢ 
dioxide treatment the acetone loss was about 5 per cent. Thus 
if 4.8 per cent is subtracted from the above values, since presum- 
ably the evaporation of acetone was about the same in all cases, 
the values remaining would more truly represent the amount otf 
acetone destroved by hydrogen pere xide. 


per ce { mee 
l 0.0 } Q 4 
? 0.0 5 13.3 
} 8 4 6 17.0 
“s ae os 
‘ hd ? 


If O47 gm. of acetone in (7) was oxidized to one molecule ot 
acetic acid plus one molecule of formic acid, then three atoms 
of oxygen, or 0.39 gm., or 0.83 gm. of hydrogen peroxide, would 
be required. Since 1.53 gm. of hydrogen peroxide were added in 
the above experiments it is clear that there was enough hydrogen 
peroxide present to oxidize nearly twice the maximum amount of 
acetone oxidized to acetie and formic acids. If the sole products 
were acetic and carbonic acids, 1.11 gm. of hydrogen peroxid: 
would be required. It is thus clear that the amount of peroxid 
added could have produced the observed amount of oxidation 
The nature of the products was not determined. 

The above experiments were repeated a number of times u 
der a variety of conditions designed to prevent loss of acetor 
vy evaporation during the oxidation. This result was not real- 
ized perfectly in any complete series. Although the quantit: 
tive results varied somewhat in each case the general sense of th 
results was always the same. It would not be profitable to de- 
scribe the individual results since the nature of the variations 
causing the isolated abnormal results is not known with certainty. 

The above experiments show that acetone is more and mor 
easily oxidized by hydrogen peroxide with increasing alkali con- 
centrations. That all of the hydrogen peroxide is not used 1 
oxidation of acetone is shown by the fact that it sometimes dis- 
appears from the solution (kept in the dark) without producing 


any noticeable oxidation. Thus perhaps the result in any experi- 
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ment is the resultant between the velocity ot catalytic decomposi 
tion of the hydrogen peroxide and the velocity of oxidation of 
acetone by it. It will not be advisable at present to discuss the 
mechanism of the processes involved here.’ It is sufficient to 
note that acetone in the presence of hydrogen peroxide and vary- 
ing amounts of alkali comes to equilibrium with the system with 
an increasing stability of acetone with decreasing alkali con- 
centration, 

May acetone be oxidized by arr? In connection with the above 
experiments the question arises as to whether all or part of the 
oxidation of acetone observed may not be due to the oxygen of 
the air. In order to answer this question about | gm. of acetone 
was made up to 500 ce. with enough alkali in each case to make 
the concentration as follows: (1) no alkali; (2) 0.01 N alkali; (3 
0.05 N alkali; (4) 0.10 N alkali; (5) 0.20 N alkali. 5 ce. of the 
mixtures were titrated for the acetone as usual. 1.04 gm. was the 
average acetone content. The flasks were stoppered tightly with 
rubber stoppers and were agitated vigorously at least once each 
day. After 12 days the average acetone content was 1.03 gm 
After 1 month the average acetone content was found to be 1.03 
gm. ‘These experiments show that if atmospheric oxygen co- 
operates with hvdrogen peroxide in the oxidation of acetone it 
does so at some lower stage in the oxidation than acetone. 

These results of the experiments described under (6) prov 
that acetone formed in experiments like I and IT is liable to bi 
partly oxidized under the conditions of the experiment and that 
the amount of acetone found is not necessarily all that was 
formed. 

Rigidly interpreted this result would indicate that we nm 
longer have any conclusive evidence that a greater proportion ol 
acetone ‘is formed in the less alkaline flasks in Kxperiments 
and II. In fact, a closer examination of the results in Exper 
ments I, II, and (6) shows that in each case the amount of ace- 
tone oxidized in the corresponding experiment in (b) by less 
than half as much hydrogen peroxide is greater than the amount 
of acetone observed in the corresponding experiment in I and I! 
This result, however, does not in anv sense invalidate the su 

The interrelation of these two processes is being investigated ex 


mentally 
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gestion that a greater proportion of acetone bodies is formed when 
butyrie acid is oxidized in less alkaline conditions. It only shows 
that the value of this suggestion cannot be established in this way. 
The one positive result that comes from these experiments is the 
confirmation of the suggestion that acetone, and presumably the 
acetone bodies, is oxidized with greater difficulty the less alkaline 
the solution becomes when all other conditions are identical. 


Variation of Glucose E 


Ex periments to De termine the Effect of the Pre SEMCE of Gil (COs 
on the Yield of Acetone from a Constant Amount of Butyric Acid. 
Hydroge n Peroxide, and Alkali, As was stated in the introdue- 
tion, the presence of glucose undergoing oxidation has the effect 
of diminishing the ketosis under discussion. Can this effeet be 
produced cn vitro, and if so under what conditions? * The following 
two series of experiments were done in order to get some experi- 
mental light on this subject. 

Experiment ITT.—AA gm. of butyrie acid in the form of the 
potassium salt in a total volume of 600 ce., containing enough 
potassium hydroxide to be 0.01 N at the beginning, and 113 ec. of 
3 per cent hydrogen peroxide also contained glucose as follows: (1 
no glucose; (2) 0.09 @m.;: (3) 0.27 gm.;: (4) 0.45 gm.: (5) 0.90 em.: 
(6) 1.80 e@m. After standing 1 month in the dark (1) was free 
from hydrogen peroxide, (2), (3), and (4) showed traces, and (5 
and (6) gave strong tests for hydrogen peroxide. These solutions 
were analyzed for acetone in the usual way and even after treat- 
ment with alkaline silver oxide showed a gradually but markedly 
increasing acetone content with increasing glucose content. It 
was immediately suspected that the available alkali had been 
progressively consumed. Titrations showed that only l) and 
(2) were still alkaline. The others were all distinctly acid in re- 
action. This result, although not exactly what was desired, is 
extremely interesting when taken in conjunction with the next 
series of experiments and will be emphasized later on. 

Experiment IV.—The presence of variable amounts of glucose 
caused the amount of available alkali in turn to vary. In order 
to eliminate this additional variable as much as possible the 
experiments were again set up in the same way and small, known 
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portions were removed each day at first and then every few days, 
and titrated with 0.1 ~ sulfuric acid. The calculated amount of 
alkali was added each time to bring the alkali concentration up 
to its original value (0.01 N). The total volume of potassium 
hvdroxide, 0.84 N, added to each flask in this way was as follows 
1) 10.97 ce.; (2) 11.97 ee.; (3) 13.44 ee.; (4) 17.87 ce.; (5) 21.76 
ee.: (6) 26.02 ce. The amount of alkali thus consumed gives a 
relative index of the amount of acid production that occurs in 
these oxidations. Since the amount of potassium butyrate used 
was constant it Is easy to ascribe the variable alkali consumption 
to the glucose oxidation. Owing to the fact that the mixture was 
constantly alkaline only a small amount of acetone was found 
even in Flask 1. In (2) still less was formed and in the remainder 
the amount was quite small and nearly constant as far as the data 
showed. In these experiments the amount of iodine consumed 
by the distillate before and after treatment with alkaline silver 
oxide was nearly identical. This is in marked contrast with the 
first series of experiments in which the iodine consumed by the 
untreated distillates increased with the sugar content and clearly 
indicates a marked difference in the final state of the compounds 
in the two solutions. The latter series of experiments gave the 
expected results and when taken in conjunction with the first series 
demonstrates clearly in another way the marked and fundamental 
importance of an adequate supply of alkali in such oxidations. 

Expe riment V. Effect of the Presence of Glucose on the ‘if eld oft 
Acetone from a Constant Amount of Butyric Acid and Hyd ogen 
Peroxide in the Presence of So Called Re gulator Mizxtures.—There 
seems to be a feeling that the source of alkalinity influences oxi- 
dation. Thus in order to put the above experiments on a basis 
that would be more readily acknowledged to resemble biological 
conditions they were repeated in the presence of so called regu- 
lators. Preliminary experiments showed that calcium = carbo- 
nate, calcium hydroxide, and sodium carbonate are not avail- 
able for these experiments since they so rapidly catalyze the de- 
composition of hydrogen peroxide. It was therefore necessary to 
use the phosphate mixture. In these experiments it was desired 
to use enough hydrogen peroxide to oxidize both the butyric acid 
and glucose used to carbon dioxide. Since acetone itself is 
gradually oxidized by peroxide the oxidation was stopped after a 
time before the peroxide had all been reduced. 
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The experiments were conducted as follows: The amounts of 
Ke_HPO, and KH.PO, given in the first two columns of the table 
were dissolved in 50 ec. of water, the solution was cooled, and 
0.25 gm. of butyrie acid as the potassium salt (5 ec. of a 5 per 
cent solution) was added. 0.25 gm. of glucose (0.5 molecule 
was also added to the second flask. 50 ce. of 3 per cent hydrogen 
peroxide were then added to both. In Experiments 7 and 8 the 
salts were dissolved in 150 ce. of water. After standing at room 
temperature for 24 hrs. stoppered with a rubber stopper, the 
entire mixture was transferred to the distilling flask and after 
adding some precipitated calcium carbonate to facilitate the de- 
composition of excess hydrogen peroxide and some broken porce- 
lain to facilitate boiling, the acetone was distilled as usual. The 
results of such experiments should be expected to vary some- 
what but in general they tend to run parallel with the results 
obtained above, using potassium hydroxide. In Experiments | 
to 6 more acctone is obtained at first in the presence of glucose 
than in its absence but as the available alkali is increased (KeH PO, 
this advantage diminishes and in the later experiments the ace- 
tone production is about equal in the presence and absence of 
glucose. The use of larger amounts of KeHPO, without changing 
the proportions, as in Experiments 7 and 8, likewise tends to 
equalize the acetone production in the presenee and absence of 


GLUCOSE. 


\\ g Without cos 
} nt 
' hKeoHPO PO ‘en : 
Potal we Pota nator 
— \wO+ KOH _ \m0+KOH 
| » 35 6.92 0 OO6 0. O2O4 0.057 0.0135 
yi 92 5. ao 0 OS9 0 O154 0. O40 None 
6 9? 5.35 0 OS] Q O19OS QO 05S 0.011 
| 7.92 t. 35 0.074 Q O133 ®. 112" 0.024 
7 1.92 $ 35 0.077 0. O197 0.075 0.019 
( S Gv? , 35 0.075 0. O202 0 OST 0.022 
ri 4) 7h 16.05 0. OSI 0. O24S 0.075 0.026 
S 1) 76 16.05 0 OS5 0.0264 QO.085 0.025 


Boiled dry in distillation 
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Discussion of Bape riments III, IV. and \ 


Owing to the well known relationships of glucose oxidation to 
the formation of the acetone bodies in fasting and diabetes, it 
was important to observe the effect of the presence of variabl 
mounts of glucose on the vield of acetone from a constant amount 
of butyric acid, hydrogen peroxide, and alkali. It was found ir 
Iexperiment III that the products of glucose oxidation caused 
progressive diminution in the alkalinity and accordingly an in- 


creasing production of acetone with increasing amounts of glu- 


ose. That is, when an Inadequate supply of alkali is present i 
th presence of sufhier hit oxidizing agent and Increasing quant 

ties of glucose, there is an increased production of acetone. — hh 
this series glucose not only does not act antiketogenically but 


mis to favor ketogenesis. In Experiment IV in which the alkal 
supply was maintained the acetone production was at a mini 
mum in all but those flasks in which there was little or no sugai 
present. In Experiment III glucose favored ketogenesis; in 


+ 


Experiment IV it was antiketogenic. The reversal in its effect 


vas due to the control of the alkalinity. Experiment IV gives 


1H 
ba 
3h 
#4 
i 


0 confirmation for the idea that the sugar spares® the oxi 
lation of fats in the presence of adequate alkali supplies. Thi 


chanism by which this may be effected is suggested by the 


j 
‘ 
sy 
tL 
‘sult of Experiment VI , 4 
, 7 
if 
it 
The word ‘‘spare in this paper is apparently not used in tl Hf 
nse as it has previously been used in this connection by other write: a 
It is used here in a figurative sense as explained below According to the 


wxistence principle (see Ostwald, Lehrb. allg. Chem., 1896-1902, ii, 244 


07) two reactions taking place in the same medium simultaneously procee 
independently When, however both reactions are taking place t the 
spense of a single common reagent (in this case the oxidizing agent), n 


sent In enormous excess. the velocity of each reaction from moment 
moment depends on the velocity of the other reaction during the pre 
ling period. If one reaction is using oxygen very rapidly the 
vailable for the othe is more rapidly diminished If one reaction Is 
markedly stimulated with respect to the other for anv given set of econdi- 


tions, the compound being oxidized by the slower reaction may be said t 


ired Thus sparing in this sense is a chemical conception ind contains 
no hint of a vitalistic point of view This conception of sparing is i 
volved in Experiments III, IV, V, and VI. More definite experiment 
this subject are already partly completed 





SE ee 











f 
. 
4 


i Bite it asta catlngrenng Be Ske ge ee 


96 Oxidation of Butyrie Acid 


Experiment V was a combination of all the preceding experi- 
ments in which mixtures of mono- and dibasic potassium phos- 
phate were used instead of alkali. Since mixtures of these salts 
constitute an important part of the mechanism by which the 
reaction of the body fluids is regulated, it was thought that re- 
sults obtained with such systems would be more readily accept- 
able. The general sense of the results confirms all that had been 
determined by the previous experiments, both as to the effect of 
available alkali on butyric acid oxidation and on the effect of 
glucose on this oxidation, without giving rise to any new 
conclusions. 


Variation of Acidity. 


The preceding experiments have shown that the less alkalin« 
the system the greater the amount of acetone that was recovered 
from the experiment. It was of interest to know whether the 
amount of acetone that can be recovered continues to increase 
with increasing acidity. A few simple experiments were done to 
test this possibility, since there are theoretical reasons why it 
should be expected to be so. 

Experiment VI.—The experiments were set up as follows: 
Each flask contained 50 ce. of 3 per cent hydrogen peroxide, and 
potassium butyrate and butyric acid (measured as standardized 
solutions) as follows: (1) 0.25 gm. of potassium butyrate; (2) 0.20 
gm. of potassium butyrate and 0.05 gm. of butyric acid; (3 
0.15 gm. of potassium. butyrate and 0.10 gm. of butyric acid; 
(4) 0.25 gm. of butyric acid. The total volume in each case was 
100 ec. After standing at room temperature 42 hours, excess 
powdered Manganese dioxide was added to decompose the large 
amount of unchanged hydrogen peroxide. When this decomposi- 
tion, which was carried out in the distilling flask connected as for 
distillation, was complete, the entire solution was distilled and 
titrated for aectone as usual. The iodine consumed corresponded 
to about 0.001 gm. of acetone in each case. The total variation 
for the series did not exceed 10 per cent of the amount of acetone 
found. No solid iodoform was separated in these experiments 
but the odor of iodoform was unmistakable. 

The results of this experiment indicate that the oxidation is so 


slow under these conditions that a difference in the amount of 
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acetone obtained is not clearly demonstrable after standing 42 
hours, or else that there is no demonstrable difference. Since 
such experiments in the light of the above critical experiments 
could not give a satisfactory answer to the question as to whether 
there is an increase in the ratio of acetone formed, these experi- 
ments in acid conditions were not extended. 

Similar experiments in which four molecules of sulfuric and hydro- 
chloric acids were used for each molecule of potassium butyrate 
gave no striking increase in the vield of acetone, but with phos- 
phoric acid an unexpectedly marked increase in acetone was 
observed. 

This observation when taken in conjunction with the large 
acetone yields obtained with the phosphate mixtures in Experi- 
ment V opened up this problem from another angle. The ex- 
periments developed in this connection will be deseribed in an- 
other paper. 


Oxidation of Acetone and Glucose. 


Ex pe rem nt VII. Simultaneous Oxidation of Acetone and Glu- 
cose with Potassium Permanganate in the Presence of Varying 
Concentrations of Alkali. Hydrogen peroxide presents one grave 
disadvantage as a quantitative oxidizing agent in alkaline systems 
owing to the fact that it is catalytically decomposed by alkali. 
Since the velocity of this decomposition varies with the composi- 
tion of the system no quantitative resultsonthe amount of oxygen 
consumed can be obtained in this way. Therefore in any study 
of the sparing effect of one metabolite upon another some other 
oxidizing agent in which this spontaneous decomposition is absent 
or negligible must be used. Since acetone may be regard d as one 
end-member of the 6-oxidation of butyric acid which is difficult 
to oxidize, it was of interest to learn to what extent glucose spares 
the oxidation of acetone in systems containing an equal amount 
of both but a variable amount of alkali. Ten experiments were 
done as follows: 0.5 gm. of acetone, 0.5 gm. of glucose, and 4.0 
gm. of potassium permanganate (insufficient for complete oxida- 
tion of cither the glucose or acetone alone) were placed in 590 ce. 


of a solution containing alkali as follows: 
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Acetone 


gm per cent 

1) No alkali nor KMnO, (blank 0.547 100.0 

2 i“ _ 0.403 73.0 
(3) 0.6 gm. KOH (0.021 N ) we 0.326 59.6 
! 2. |” " 0.043 “ 0.261 ee 

5 , an a 0.064 “ 0). 237 3.3 

6) a - 0.087 “ 0.219 10.0 
7) : oe “ 0.106 “) 0.218 39.8 
8 6.06 “ “4 0.216 “ ) 0.194 35.4 
9) 19.44 “ sin 0.694 “) 0.200 36.5 
10) @d.3 “ “5 i tae Q.185 33.8 


\fter reduction was complete, 7.e. after all the permanganate 
was reduced to manganese dioxide, the acetone content was de- 
termined in the usual way. The results are given in the last 
column. The data show that two and one half times as much 
acetone was oxidized in Flask 10 as in Flask 2 and that the transi- 
tion is gradual. From these experiments it may be concluded 
that the capacity of glucose to spare acetone from oxidation dimin- 
ishes with increasing alkalinity, or conversely the capacity of ace- 
tone to spare glucose diminishes with deereasing alkalinity. Or 
in physical chemical terms, the velocity of oxidation of sectone 
increases rapidly with increasing alkalinity even in the presence of 
glucose 

But not only does the velocity of oxidation of acetone with re- 
spect to glucose in the same system vary but also the velocity 
of permanganate, reduction as a whole varies markedly from one 
experiment to the other. The velocity increases with rising 
alkalinity. In the more alkaline experiments it becomes so rapid 
as to be apparently instantaneous. In the case of Flask 2 sev- 
eral days were required for complete reduction.’ 

This experiment gives further illustration of the complexity of 
the processes involved in oxidation. 


DISCUSSION. 


Iixperiments I and II indicate that when butyrie acid is oxi- 
dized by means of hydrogen peroxide in dilute solution in the 
presence of variable amounts of alkali the absolute quantity of 


°The above is simply a preliminary account of one result in a more 
comprehensive study of this question that is under way tn this laboratory. 
I : j . 3 
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acetone recoverable is greatest when the reaction of the system 
is neutral to faintly acid. The preliminary data mentioned in 
connection with Experiment VI indicate that the nature of this 


acidity has some influence on the yield of acetone. The important 


question as to the exact conditions that promote a maximum 
vield of acetone will not be discussed until the effect of othe 
variables has been more-fully studied. 

The yield of acetone falls as the alkalinity increases not- 
withstanding an increase in the velocity of the oxidation of butyric 
acid, This decrease of the acetone yield Is explainable in pari 
if not wholly by the fact that acetone itself becomes increasingl\ 
suse ptible to oxidation with the increasing alkalinity, but it 
was not proved that this phenomenon accounts for the ¢ 
crease of the acetone yield. The original question as to wheth 
the point of primary oxidative attack may be shifted by changing 
the reactions of the medium remains unanswered. 

In studying the effect of the presence of glucose it was found 
that oxidizing glucose may change the reaction of the medium and 
so influence the acetone yield. But we have found nothing to in- 
dicate that the oxidation of glucose simultaneously with butyric 
acid influences the nature of the products formed from the latt 

On the other hand, Experiments III, IV, and V demonstrat 
how glucose may “spare” butyrie acid in a manner which affords 
an interesting chemical analogy to the so called “sparing effect” 
of carbohydrate in the body. 

Experiment VII gives a graphic illustration of how this “spar- 
ing”’ effect too may vary with changes in the reaction. 

It will not be advisable to discuss the above results at any 
greater length but a few more general statements should b 
made. In any such complicated process: as the oxidation of 
butyric acid or acetone there are many possible courses of reaction 
through many intermediate stages. The velocity of each of these 
reactions is influenced by minute changes in conditions. Some are 
more sensitive than others. In order tounderstand thoroughly the 
net result in such a case it would be necessary to know the con- 
stants for each set of conditions for each reaction. But since in 
hiological conditions these reactions are carried out in hetero- 


geneous systems devised to prevent the attainment of complet 
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equilibrium in life, such constants worked out in homogeneous 
systems zn vitro might only have qualitative or no significance in 


the biological conditions. Nevertheless it seems certain that the 


experiments desertbed here represent a constructive step toward a 


solution of this problem. 
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So much experimental work has been carried out on the influ- 
ence of alkali ingestion on urinary ammonia that further inves- 
tigations along this line would seem superfluous. 

The great reduction in the ammonia output produced by the 
administration of relatively small doses (10 to 20 gm. per day 
of sodium bicarbonate has led to the general acceptance of the 
view that the sole purpose of urinary ammonia is for the neutral- 
ization of acids formed during the metabolic processes. 

On the other hand continued administration of alkali for many 
days has in no case resulted in the production of a urine free 
from ammonia,! a finding which has led to speculations by several 
investigators regarding the source of the residual fraction 
\n examination of the reports of the numerous series of experi- 
ments dealing with the effect of alkali administration will reveal 
the fact that similar doses of sodium bicarbonate will produce 
quantitatively different effects as regards urinary ammonia 
when administered to a series of subjects living under essentially 
similar dietary conditions. 

Diminished power to reduce urinary ammonia might, under 
these conditions, be interpreted to indicate either the presence of 
an increased amount of acid radicals requiring neutralization, 01 

1 Janney, N., Z. physiol. Chem., 1911-12, Ixxvi, 99, contains an extensive 


bibliography on this subject 


Magnus-Levy, A., in von Noorden C., Handf. Path. Stoffwechsels, 
Berlin, 1906, i, 111 

> Neubauer, O Verhandl. deutsch. Cong nn. Med., 1910, xxvii, 566 
Arch. exp. Path. u. Pharmakol., 1901, xlvi, 133 


4‘Camerer, W Ir., Z. Biol., 1902, xii, 39 
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the excretion of the alkali, either by the intestine or kidney, 
before its neutralizing effect has been exerted. Similarly the 
occurrence of an exaggerated effect might be attributed to a low 
concentration of acid radicals or to the abnormally slow excre- 
tion of the drug. 

The inefficiency of the nephritie kidney in the task of eliminat- 
ing sodium salts has long been recognized. It therefore occurred 
to us that in the nephritic, urines of minimum ammonia content 
might be obtained by means of relatively small doses of alkali. 

\s will be seen by an examination of the results obtained in 
Experiments I, II, and III, our expectations were abundantly 
fulfilled as we have been able in two of these patients to obtain 
urines absolutely free from even traces of ammonia, and in some 
eases to prolong this condition for 1 or 2 days after the adminis- 
tration of alkali had been discontinued. 

Subjects 2 and 3 ate during the entire experimental period a 
low protein diet containing many vegetables. The same food 
was also taken by Subject 1 during the first part of the experi- 
mental period. During the last 15 days, however, he was given 
food containing as much protein as he could be induced to take, 
but as will be seen even on this more acid diet an ammonia-fr 
urine was easily obtained for a period of 3 days. 

The figures of experiments I to IIT give the results obtained | 
the intermittent administration of sodium bicarbonate. This 
method of dosage was adopted by us as being more feasible for 
long continued experiments in order to avoid the nausea which 
frequently follows the uninterrupted use of alkali for a consider 
cul 


} 
at 


le number of days. The sodium bicarbonate was given in 5 
em. doses at 7.00 a.m. and at 7.00 p.m.; where more than 10 
gm. per day were used the other portions were administered at 
11.00 a.m. or at 2.00 p.m. 

To serve as controls on the results obtained with these three 
eases of nephritis we have carried out experiments with two 
normal subjects who consumed the same alkaline low protein 
diet as that taken by the nephritics, and one case of catarrhal 


jaundice who was given the higher protein diet taken by Subject 


| during the latter part of the experimental period. 
The results of these experiments require little comment, as 


they merely serve to confirm the findings of previous investi- 
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EXPERIMENT I 


Subject 1 Nir B. 3S vears old Weight 79 kilos Nephritis \Iuch 


edema Urine contains a large trace of albumin and many granular 


hyaline casts 
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EXPERIMENT I—Concluded 


Date abr. | Creatinine.) © NHs 
1V18 ee gm gm 
Jan. 1-2 550 1.08 0 069 
“ 2-3 680 1.18 0.035 
“ 3-4 900 1.29 0.051 
“ 45 1,060 1.37 0.060 
“ 5-6 1,007 1.28 0.030 
“ 67 1,050 1.27 0.032 
7-8 1,020 [i 0.040 
8-9 1,370 1.36 0.000 
9-10 1,120 1.30 0.000 
“ 10-11 1,000 mrs 0.000 
11-12 930 1.20 0.026 
* 12-13 1,250 1.27 0.112 
* 13-14 1,380 Ll. 2 0.165 
EXPERIMENT II 
Subject 2 Mr. T. 27 vears old Weight 72 kilos 
edema, urine contains a large trace of albumin, m 
red blood cells 
Date Renae : : NH 
Nov. 24-25 1,420 1.20 Q 24 
* 25-26 710 1.10 0.19 
‘ 26-27 830 me 0.080 
* 27-28 1,070 1.10 0.050 
** 28-29 1,100 1.11 0.035 
29-30 1,600 1.11 
30-Dee 1,570 1.11 
Dec. 1-2 1,650 1 20 0.160 
“ 23 1.250 1.10 0.110 
“ 3-4 1,100 1.12 0.100 
1-5 740 1 02 0.040 
5 -( 930 1.10 0.011 
6-7 1.800 E20 0.000 
7. 1,600 1 O4 0 000 
g_4 1.600 1 O04 0.002 
Q10) 740 1 00 0 007 
11 1,320 1.00 0 042 


tl 


Total N 
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EXPERIME 
Subject 3 Mr. P. 58 years old W 
interstitial. Urine shows slight trace of albumin and a few hyaline casts 


24 hr 


Date Bas dase Creatinine NHs 
a" mm ss 

Nov. 23-24 600 0.84 0.26 
24-25 670 0.80 0.22 
25-26 710 0.80 0.2 
26-27 680 0.91 0.19 
27-28 850 00 0.16 
28-29 840 1.00 0.14 
29-30 1,020 0.90 0.058 
30-Dee. 1 1,220 0.90 0.043 

Dec. 1-2 1,500 0.81 0.010 
3 1,380 1.00 0.002 


{ll urines were preserved with thymol and chloroform 
of “‘Permutit’’ 
method of Folin and Bell In the tabulated results we have also include: 


determinations were made by means 


the figures obtiined for urinary creatinine 
our custom in this laboratory to determine creatinine on : 
tities of urine collected during the course of metabolism experiments ana 
the results are here included on the tables merely to allow the 


form his own judgment as to the completeness of the collections 


gators that it is impossible in the normal subject 
monia-free urine by the long continued administration of alkalies 

In the two normal subjects bicarbonate ingestion was con- 
tinued until severe headache and nausea resulted. In spite of 
the fact that in Subject 4 the urine remained strongly alkaline 
for 10, and in the case of Subject 
it will be noted that considerable amounts of ammonia were still 
present in the urine at the end of the experiment. 

We have interpreted the essentially different results obtained 
on the administration of alkali to nephritics from those obtained 
by the use of a similar dosage on normal individuals as being due 
to the retention of the sodium bicarbonate for a longer time by 
these patients, thus allowing the drug more time to exert its 


neutralizing effects. 


In the investigations on alkali ingestion so far 


little effort has been made to measure even approximately the 


Folin, O., and Bell, R. D., J. Biol 
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eight 52 kilos. 


Chem., 1917 
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EXPERIMENT IV. 
Subject 4 Normal female. 39 vears old Weight 90 kilos. 


Sodium bi- 


Date ht NHs Fotal N. | carbonate | Reaction 
volume kalcon urine to litmus 

Feb. 7-8 1,080 0.231 8.10 0 Acid 

so 1,260 0.150 5.90 10 Alkaline 

9-10 2 180 0.170 71.9 15 ” 

10-11 1,750 0). OS7 5.2 15 

11-12 1,600 0.035 6.1 15 

12-13 1.640 0.186 5.9 0 

13-14 1,130 0.210 1.5 0 Acid 

14-15 1,260 0.200 S Alkaline 

15-16 10 

16-17 1,280 0.150 t 4 10 

17-18 10 

IS-19 1.750 QO.115 6.0 10 

19--20 10 

20-21 1.740 0 069 5.3 10 

21-22 10 

22-23 L340 0 070 7.8 10 

24-25 2,490 0.090 6.8 10 os 


amount of unchanged alkali excreted. From experiments IV 
to VI it appears possible that the different effects produced by 
the same dosage of alkali on the urinary ammonia of different 
individuals might be due in most cases to the relative activity of 
the different kidneys and the resulting removal of the reactive 
substance at diverse rates of speed. 

In our later experiments we have therefore sought to deter- 
mine not only the changes produced in ammonia excretion by 
alkaline therapy but have also attempted to measure approxi- 
mately the amount of ingested alkali appearing in the urme. 

The excretion of sodium bicarbonate was followed by determinations of 
total ash and total carbon dioxide in the urine The ash determinations 
were carried out in platinum dishes which were heated in a muffle furnace, 
due care being taken to avoid loss due to overheating Total carbon 
dioxide was determined by the method of Van Slyke.6 Routine qualita- 
tive tests for sodium bicarbonate were made on the stools but were Invari- 
ibly negative 

In order to avoid the fluetuations in the urinary carbon dioxide and ash 
referable to changes in diet, all the subjects were required to eat a weighed 


6 Van Slyke, D. D., J. Biol. Chem.,. 1917. xxx, 347 
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Sal 
Ss 
& 9 
»-10 
10-1] 
11-12 
12-1 
13-14 
14 
1-16 
16-17 
17-18 
IS-19 
19-20 
20-2] 
9] ) 
24-25) 
7 —-DR 
28-M 
d fo | 
lor these 


experiments we 


EXPERIMENT \ 


il female 24 vears old 
<e H Potal N 
1.000 0 170 6.2 
740 0 OOS 6 
1.240 0 O37 7 
SOD 0 020 . 2 
1.130 0 OLS 6.3 
1.400 0 160 5.2 
H60 0.140 1 
HOO QO 150 1 » 
SOO 0 OSO 9 
H00 ) OY $9 
S60 0 O?5 5 4 
Nt) ) Oh, 
y() 0 O86 ).2 
1.040 0.051 
S60 0 O17 $ | 
1.500 QO OVS 
L3S0  O8oO 

I} l 1 was ri¢ 
the subject was required 
{ { I! el 1 period 

have 


which 


the 


used two cases ol 


presence 


Weight 53 kilos 


0 Neutral 
ta) Al} 


1: 
Line 


to adhere to it during 


Hephritis as 


of a low rade 


iu 


POCTIiC rally held ige) exist, and 1) which according to our 


results the ingestion of alkali leads to the production ol 


ot 


minimum 


MnO 


content: 


two 


of catarrhal 


Cases 


jaundice, a condition in which large doses of alkali produce rela 


tively little. effeet on ammonia excretion, and which has been 


designated as a condition in which an abnormal production of 


acid radicals is present;’ and two normal persons. 
In Experiments VII to XIV we have calculated from the carbon 
dioxide of the urine the sodium bicarbonate excreted by way of 


the kidney. 
under the heading, 


These caleulated figures are given in the last column 


“Sodium bicarbonate excreted 


ae and probably 
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EXPERIMENT VIL. 
Subject 6. Male. 26 years old. Weight 60 kilos Acute catarrhal 
jaundice (convalescent 


Sodium 


J date bal — F N Hs Pot al N — ul _ = ned 
taken 
1917 cc gm gr yn 
Dec. 21-22 1,180 1.30 0.50 0 Acid 
“ 22-23 1,760 L.35 0.48 9.4 0 s 
23-24 2,530 1.41 0.27 10.4 10 Neutral 
24-25 2,460 1.50 0.11 § 2 10 Alkaline 
25-26 2,180 1.28 @.31 8.7 10 ui: 
26-27 1,100 1.45 0.29 7.8 10 
27-28 2.020 la 0.14 7 2 10 
28-29 1,765 1.45 0.10 7.9 15 
29-30 1,960 1.39 0.10 8.2 15 
0-3 1,810 1.75} 0.18 8.2 0 \cid 
31-Jan. 1 2,040 1.56 0.35 8.6 0 ” 
Jan. 1-2 1,840 1.36 0.53 7.9 0 
2-3 2,250 1.37 0.60 10.2 20 
3-4 5,120 | .oo 0.29 10.4 ?0 Alkaline 
1-5 2.020 1.41 0.10 rr - 20 " 
5-6 2 970 1.50 0.08 6.5 A) 
6-7 3,210 1.61 0.13 8.5 20 
(oe 3,580 1.47 | 0.28 8.1 20 
8-9 3,060 1.50 0.17 7.6 20 
9-10 3,260 1.50 0.18 8.5 0 Acid 
10-1] 2,900 1.50 0.48 7.6 0 " 
11-12 1,400 1.55 0.36 9.3 0 
“93-93 2500! 1.62! 0.50)! 11.0 0 «“ 
“ 43-14 2,100 1 47 0.50 10.3 20 Alkaline 
; 14-15 2,200 1.45 0.15 10.3 20 si 
15-16 1,680 1.42 0.14 9 6 20 
: “ 16-17 1,928 1 40 0 16 Q 4 20) 
| 17-18 1,680 1.52 0.10 11.1 20 
18-19 1,780 1.38 0.06 12.5 2%) 
19-20 1,260 1.36 0.23 10.4 0 


represent maximum values as in the calculation no account has 
been taken of the alkali carbonate and bicarbonate taken with 


the vegetable portion of the food. 
The figures collected in these tables are instructive as furnish- 
ing the explanation of the different behavior of urinary ammonia 


Rae i Ti, OP EN i ea BER ih tt nee lk * ene ee 


if excretion in the three classes of subjects used. In the first two 
if 
} 
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Cases (Experiments VII and VIII) it will be noted that the rise 
in carbon dioxide excretion is slow but that the exeretion con- 
9 


tinues at a high level for 2 days after alkaline therapy had been 


EXPERIMENT VI 


} 
ite 
} 





Date Bd —— NH i oo “ 5 - 3 
F Vf. ee 
415 ( gm gm ym g7 m , 
Jan. 12-13 1,250 | 1.27 | 0.112) 8.35 9.75 0) 

13-14 1,380 | 1.27 | 0.165; 7.59 76 10.60 0 0.28 
14-15 630; 1.21 | 0.050) 7.92 7? 87 ) () 28 
15-16 820} 1.20 | 0.049) 7.43 | 1,927 8.5 20 ie 
16-17 830 | 1.23 | 0.052) 7.76 | 2.378!) 13.10 20 RQ 
17-18 740 | 1.14 | 0.035) 7.42 | 2,214; 12.51) 20 8.2 
18-19 780 | 1.27 | 0.010) 7.50 | 2,106) 12.06 0 7s 
19-20 620: 1.21 | 0.000 7.50 | 1,336) 10.66 0 5.0 
20-21 100 «1.24 0.015) 5.90 120 9 9 0 0 45 


Mr. B., nephritic, served as subject for Experiment I. The dail 
ration during the experimental period and for the 3 preceding days con- 


sisted of the following: bread 120 gm., shredded wheat 25 gm potato 
150 gm., cabbage 100 gm., eggs 100 gm... milk 750 ec., butter 10 gm.. lettues 
15 gm., pineapple (canned) 70 gm., apple 100 gm., orange 150 gm., grap } 


fruit 200 gm., sugar 25 gm 


EXPERIMENT VIII 


24 dr Creat ' Total Total rotal gore — 

Date bt inine NHs N CO» ash bonate — i 

BB hese 

8 ct g J gn 
Feb. 17-18 800 1.67 0.048 6.40 6.49 0 

18-19 1,000 | 1.53 | 0.055 6.80 112 6.84 0 0 04 
19-20 920 | 1.54 | 0.025! 6.92 184 8.09 15 0 69 
20-21 800 | 1.44 | 0.021) 5.32 672 7.84 15 2.5] 
21-22 1,980 | 1.44 | 0.021) 9.30 | 3,326 21.84 15 12.43 
22-23 1,175 | 1.47 | 0.014 6.85 1.788 16.69 15 6.69 
23-24 760 | 1.37 | 0.008 6.90 304 11.1 0 :.13 
24-25 1,100 | 1.48 | 0.030) 7.20 360 0 1 34 


Mr. M. 48 years old. Weight 72 kilos. Chronic interstitial nephritis 
Little edema. Urine contained a slight trace of albumin and a few hyaline 
casts The daily ration for the experimental period and for 3 days pre i 
ceding was similar to that given in Experiment VII 
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EXPE 

; ieee 24 hr Creat 

; volume. inine 
1 on 

Jan. 13-14 2,100 | 1.47 

14-15 2 200 | 1.45 

15-16 1,680 | 1.42 

16-17 1,920 | 1.40 

17-18 1,680 | 1.52 

: 18-19 1,780 1.38 

; 19-20 1.260 | 1.36 

f 20-21 1,400) 1.42 

{ 21-22 1,300 1.40 


Mr. F 


daily ration taken during the expe 


, catarrhal jaundice, sery 
ing it consisted of the swme foods 


tion of 5 eggs 





Ammonia Excretion 





RIMENT IX 

Nis | TY" | Gon | ashe 

0.500 10.3 157 | 12.9 0 0.58 

0.154) 10.3 | 2,212 | 17.7 20 8.27 

0.100) 9.6 |) 6,048) 18.5 2%) 22 62 

0.160) 9.4 | 5,376 | 23.2 20 20.10 

0.100) 11.1 | 3,360; 21.0 20 12.56 

0.060) 12.5 | 4,350 27.3 20 16.27 

0.232! 10.4 273 | 10.8 0 1 02 

0.510 112) 12.5 0 0 41 
. ih? 0 0.44 


rhe 


‘rimental period and for 3 days preced- 


red as subject for Experiment VI 


used in ixperiment VII with the addi- 





; EXPERIMENT X 
; 
{ , 24 hr. | Creat otal Total | Total 
: Date volume.) inine NH N CO ish 
4 
1s gm ” ” , 

i Jan. 13-14 1,900 | 1.09 | 0.492) 12.80; 265 | 11.9 0 0.99 
{ 14-15 1,700 | 1.02 |} 0.120| 9.10)3,740 | 12.8 20) 13.98 
ie 3 “< 15-16 1,660 1.10 | 0.100 10.54 6,142 10.0 20 22 .96 
i 16-17 2,000 ; 1.04 | 0.032} 12.20)6,200 | 23.1 20 23.18 
«| 17-18 1.900) 1.14} 0.075 9.115.172 | 27.4 19.34 
iF “18-19 2.140 1.09 | 2.120 11.23 1,661 27.3 0 6.21 
19-20 1,920 | 1.07 ; 0.400; 12.12) 253 | 13.6 0 0 94 
20-21 1,420 | 1.06 | 0.500} 12.85; 157 | 12.7 0 0.60 
iv : 
} Mr. Fn. 48 years old. Weight 49 kilos. Acute ecatarrhal jaundice 
4 convalescent The diet was identical with that used in Experiment IX 
| 
4 
a 
W 
oH 
q 
e) 
E 
i 
ie 

a 
ah. 4 
2 

od 
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EXPERIMENT XI 


Date vabenn| inne. | N. CO oh | Zee 
if J 

Jan. 26-27 1,280 | 1.23 ; 1.52 | 21.63 96.0 13.56 0 0.35 
“27-28 1060 1.26 | 1.07 | 17.28) 254.4) 16.20, 10 0.94 
28-29 960 1.17 | 0.33 | 17.37; 633.0) 17.00| 15 2 36 
29-30 1080 1.18 0.28 | 19.98 3,996.0) 18.90 15 14.96 
0-31 1,500 | 1.27 | 0.30 | 21.75! 1,800.0! 22.87 15 6.73 
3l-Feb 660 119 0.90 8 77 520.0 9g 72 0) 1 4 


Phe subjeet of this experiment was the same normal person used in 
experiment I\ Phe daily ration for all but the last day of this experi- 
ment consisted of the following: bread 200 gm., butter 50 gm., eggs 12 


gelatin 50 gm cheese (Neufchatel) 200 gm., oranges 2, lemons 2 On 


Jan. 31 severe headache and nausea made it impossible to continu Chie 


experiment 


EXPERIMENT XII 


D | oe | ae — ~~ rot Se 
j j 

Feb. 7-8 1080 1.16. 0.230, 8.10 194 15.49 0 0.72 
8-9 1.250, 1.11 0.150 5.88 1.890 18.90 10 7.10 
9-10 2,180; 1.10 | 0.170) 7.53 | 3,475 | 30.08) 15 12.99 
10-11 1.750; 1.17 | 0.087 6.03 | 3,237 | 24.06) 15 13.11 
11-12 1,600 | 1.12 | 0.035) 6.08 | 3,120 | 23.20) 15 11 66 
12-13 1.640 1.11 O.186 5.90 543 20.50 0 2 03 
13-14 1.130 | 1.15 | 0.210! 5.08 156) 15.80 0 0 58 


Che subject of this experiment was the same normal person ised in 
Kxperiments [IV and XI. The daily ration during the experimental period 
consisted of the following: bread 150 gm.. cornmeal 50 gm.. potato 300 gin 
bacon fat 75 gm., spinach (canned) 150 gm., apple, orange, and banana 


each 150 gm., butter 50 gm., cream. 40 per cent 60 ce 








es 
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EXPERIMENT XIII 





Da Gasltten 1 le) oe} 
y? J ? 
Jan. 27-28 1,300 | 1.01 | 1.23 | 23.63 26 14.40 0 0.09 
8-29 1,320} 1.13 | 1.05 | 23.49 69.2) 14.65, 10 0 26 
29-30 1,120; 1.11 | 0.18 | 20.49) 1,568 16.67) 15 5.86 
30-31 1,160 | 1.16 | 0.20 | 19.25) 1,624 18.47) 15 6.07 
sI-keb. 1 1,170 | 0.97 | 0.14 | 18.25) 1,520 22 66) 15 5.68 
Keb. 1-2 1,120 | 1.12 | 0.45 | 20.16 His IS. 1] 0 1.67 
2-3 1.540 | 1.05 | 0.70 | 21.56) 23 19.0 0 0 86 


lhe subject of this experiment was the same normal person used in 


experiment \ Che daily ration during the experimental period consisted 
of the following: bread 150 gm , butter 25 gm., milk 500 ec., eggs 12, gela- 
tin 50 gm., cheese (Neufchatel) 200 gn string beans (eanned) 100 en 


EXPERIMENT NIV 





D m . o - NH — a I on 
5 gr gn n gn ”" 

Feb. 7-S 1.000 1.10 | 0.170, 6.20 180 12.06 0 0.67 
“« BO 740 1.08 | 0.098 6.66 | 1,406) 16.65) 10 5.24 
9-10 1,240 | 1.11 | 0.037) 7.13 | 3,850 | 24.67; 15 14.39 
10-1] 805 | 1.12 | 0.020; 5.18 | 3,069 | 22.16) 15 11.47 
11-12 1,130 | 1.00 | 0.028) 5.44 | 3,309 | 22.30) 15 12.37 
12-13 1,400 | 1.07 | 0.160; 5.25 | 1,022) 19.70 0 3.82 
13-14 660 | 1.10 | 0.140 159} 15.01 0 0.59 


The subject of this experiment was the same normal person used in 
Experiments V and XIII The daily ration during the experimental 


period consisted of the following: bread 100 gm., shredded wheat 25 gm 
potato 450 gm, bacon 75 gm., spinach (canned) 150 gm., string beans 


canned) 100 gm., apple and banana 200 gm. each, butter 25 gm., cream 


10 per cent 150 6s... olive oil 1d ee 
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abandoned, a phenomenon due no doubt to the inability of the 
kidneys in these two nephritics to get rid of the ingested salts, 
until continued administration had raised the concentration to a 
high level. In the prolonged excretion is furnished an explana- 
tion of the fact noted in our earlier experiment; z.e. that ammonia- 
free urines will be excreted for several days after the administra- 
tion of alkali has ceased. 

The third and fourth cases (experiments IX and X) belong 
to the type of subject in which long continued administration of 
alkali produces relatively little effect on the ammonia excretion, 
a finding due apparently to the fact that the alkali is excreted 
with great rapidity before its full neutralizing effect can be exerted. 

In the case of the two normal subjects we have made observa- 
tions on an alkaline and on an acid diet. These results need 
little comment as they coincide with what could have been pre- 
dicted on theoretical grounds. In both cases during the period 
of high protein feeding less than 50 per cent of the ingested alkali 
was recovered while in the low protein period the percentage of 
bicarbonate recovered amounted tc nearly 90 per cent of the 
amount administered. 

It would seem that our results may also be applied to explain 
at least in part the extremely low ammonia coefficients frequently 
found in nephritis,’ as it is possible that these low ammonia 
figures are caused by the relatively slow excretion of the salts 
constant in the alkaline vegetarian diets, usually furnished to 
nephritics, and which are therefore able to neutralize more effi- 
ciently than in the case of the normal subject the acids arising in 


the course of the metabolic processes. 
SUMMARY. 


By the intermittent administration to nephritics of small 
doses of sodium bicarbonate it has been possible to obtain urines 
absolutely free from even traces of ammonia. An attempt to 
duplicate these results on normal subjects has been unsuccessful. 
Our results furnish support to the theory that the sole use of 
urinary ammonia is for the neutralization of acids found during 
the normal metabolic processes, and would seem to render super- 
fluous the speculations regarding the ‘residual ammonia fraec- 
tion’’ of urine. 


Palmer, W. W., and Henderson, L. J., Arch. Int. Med., 1915, xvi, 109 
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The milk used for this investigation was collected each morn- 
ing by one of us, brought to the laboratory, and treated as 
follows: 

It was placed in separatory funnels, centrifugalized, the fat- 
free milk withdrawn, and the casein precipitated by the careful 
addition of 0.6 per cent acetic acid. The precipitated casein was 
removed from the milk serum, washed several times with water, 
and purified in the manner previously described by Van Slyke 


and Bosworth! in connection with the preparation of casein 
. 


from cow’s milk except that the treatment with ammonia and 
ammonium oxalate was omitted because human milk unlike 
cow’s milk does not contain the calcium salts which make this 
treatment necessary in preparing casein from cow’s milk. 

The final preparation contained 5.31 per cent moisture and 
gave the following figures upon analysis. For comparison we 
also give corresponding figures for the casein of cow’s milk and 


goat’s milk 


, 
trogen i] hos pho is 


per cent per cer 
Nitrogen in dry substance 15.80 15.67 
Phosphorus “ “ vs 0.71 0.71 


Sulfur , ” 0.72 0.71 


Van Slyke, L. L., and Bosworth, A. W., J. Biol. Chem., 1913, xiv, 205 
Josworth and Van Slyke, J. Biol. Chem 1916, xxiv, 173 
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Relation of Casein of Human Milk to Bases. 


By applying the details of the methods devised by one* of us 
we find that the casein of human milk combines with bases to 
form the same series of salts (caseinates) as in the cases of the 
easeins from cow’s milk and goat’s milk. Omitting details the 
results of our work can be briefly summarized as follows: 

1. 1 gm. of casein combines with 9 * 107 gm. equivalents of 
base to form a compound (a caseinate) neutral to phenolphthalein. 

2. 1 gm. of casein combines with 1.125 * 10-¢ gm. equivalents 
of ammonium, sodium, or potassium to form a soluble acid 
caseinate, and there is no other combination of casein with base 


containing less than 1.125 * 10-* gm. equivalents of base for | 
gm. of casein. 
3. 1 gm. of casein combines with 2.25 * 10-4 gm. equivalents 


of calcium to form an acid caseinate which is soluble in water. 
This acid caseinate is insoluble in water in the presence of more 
than a trace of any soluble salt of calcium, barium, or strontium. 

t. 1 gm. of casein combines with 1.125 10-4 gm. equivalents 
of calcium tg form an acid caseinate insoluble in water. This 
compound is soluble in a warm 5 per cent solution of sodium 
chloride, the solvent action being due to an interchange of bases 
by double decomposition, with the consequent production of 


soluble sodium caseinate.* 


Vale ney and Molecular We rght of (Casein of Human Milk. 


From the preceding data, it can be seen that the valency of 
casein from human milk, like that of the caseins from cow’s and 


goat’s milks, is &. 


q 10 ’ 
S 
1.125 kK 10 
a ie! ° ° J y 
Che molecular weight would therefore be 7 S,SSS 
L.izo xX 19“ 
S.SSS 
and the equivalent weight would be 1,111. 
3 Bosworth and Van Slyke, J. Biol. Chem., 1913, xiv, 207; Van Slyke 


and Bosworth, zbid., 211, 227, 231 
4 Van Slvke and Bosworth a R ol. ¢ hem 1913, xiv, 217. 
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On the basis of the sulfur content we have: 


32.07 


Molecular weight x( = ) x 100 = N (4,581 
0.70 


will be 9,162. 


If N equals 2, the molecular weight 
On the basis of the phosphorus content we have: 


. _ (31.04 , 
Molecular weight N — < 100 N (4,434 
0.7 


If N equals 2, the molecular weight equals 8,868. 


Action of Pe nnin on the (asein from Human Vilk. 


Pure solutions of unhydrolized acid calcium caseinate curdle 
upon the addition of rennin in exactly the same manner 
found in the case of the casein from cow’s milk,’ the curd con- 
1 molecule of casein gives 2 


a5 Was 


sisting of calcium paracaseinates. 
molecules of paracasein. The paracasein thus formed has one- 
half the molecular weight 


one-half that of casein. 


1,444) of casein and has a valency of 4, 


SUMMARY. 


\ considerable quantity of pure casein has been prepared from 
found to resemble the casein 


human milk This casein was 
it has the 


from cow’s and goat’s milk in the following respects: 
same nitrogen, phosphorus, and sulfur content; it has the same 
degree of valency, and gives the same series of salts with bases: 
it has the same molecular weight; it is acted upon by rennin in 
the same manner; the paracasein produced by the action of 
rennin is similar to the paracasein produced by 


‘ 


the action of 


ennin on the casein of cow’s milk. 


5’ Bosworth, A. W., J. Biol. Chem., 1913, xv, 331; 1914, xix, 397. 
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Numerous workers!~* have reported methods for the prepara- 
tion of egg albumin, but the purest preparations have probably 
been obtained by Osborne and Campbell by fractionally pre- 
cipitating with saturated ammonium sulfate solution in the 
presence of sufficient hydrochloric acid. For the purpose of 
measuring the refractive index constant of this protein, the 
writer attempted to follow the description for the preparation of 
ovalbumin given by Osborne and Campbell, but found that, 
contrary to their findings, crystals of ovalbumin were not obtained 


Following their fractional precipitation method, to the whites of strictly 


fresh eggs was added an equal volume of saturated ammonium sulfate 


solution. The egg white was constantly and thoroughly stirred during 
the addition of the sulfate solution. If the sulfate solution has been 
idded too rapidly or if stirring has been too feeble, difficulty will be en- 
| later in precipitating the ovalbumin in the cryst illine condi 
To the filtrate, satu 


counters 
tion. The globulin precipitate A was filtered off 


rated ammonium sulfate solution was added until a small permanent pre 


Hofmeister, F., Z. physiol. Chem., 1890, xiv, 165 

Gabriel, S., Z. physiol. Chem., 1891, xv, 456 
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cipitate was produced and then for each 6 liters of egg white a mixture of 
600 ce. of saturated ammonium sulfate solution, 830 ee. of water, and 27 
ec. of concentrated hydrochloric acid were gradually added. According to 
the method, on allowing the solution to Stand over night, a large quantity 
of fine needle-shaped eyrstals should have separated. Contrary to expec- 
tations, no crystals appeared. This led.the writer to investigate the cause 
for the failure to obtain erystals. 


It was surmised that failure to secure crystals was due to lack 
of the proper acidity. This was also indicated by Dr. T. B. 
Osborne in a private communication. He considered the most 
critical feature of the whole operation to be the securing of the 
correct acidity. The writer has found upon investigation that 
the erystallization of ovalbumin is dependent on an optimum 
H ion concentration. 

To the filtrate obtained after Precipitate A was filtered off, 
a saturated ammonium sulfate solution was added until a small 
permanent precipitate was produced. About 25 ec. of this solu- 
tion were then run into each of several Erlenmeyer flasks. To 
each of these flasks was then added an arbitrary amount of the 
acid mixture until in the judgment of the investigator a sufficient 
amount had been added to cause the formation of erystals. On 
standing over night, it was found that some flasks contained fine 
needle-shaped crystals while other flasks contained no crystals. 

To these latter flasks a very little more of the acid mixture 
was added, and the solutions were again allowed to stand over 
night. In some instances crystals were then formed, whereas in 
those flasks which showed no crystals it was found that the 
solution had been made too acid on the first or on the second 
addition of the acid mixture. The experiments were repeated 
several times with the hope of obtaining an idea as to the correct 
acidity necessary for erystal formation. The precipitates were 
filtered off, and the H ion concentration of the filtrates was 
determined by means of various indicators. The results show 
strikingly that the crystal formation of ovalbumin is dependent 
upon the presence of an optimum H ion concentration. 

Fine needle-shaped crystals were obtained when the H_ ion 
concentration of the solution in the flasks showed the following 


reactions: 
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Indicators. Color 
Alizarin sodium sulfonate Red 
Rosalie acid Yellow 
Methy!] orange Yellow 
Cochineal Lilac 
Congo red Searlet-red 
Alizarin i srown-vellow 
Litmus solution Violet-blue 
Litmus paper Bluish red 


No crystals appeared when the H ion concentration of the 
solutions in the flasks gave the following reactions: 


Indicator Colo 
\lizarin sodium sulfonate Green-vellow 
Methyl orange Orange-red 
Congo red Blue 


These results which were repeatedly obtained and which were 
readily duplicated, indicate that crystals can be obtained at a 
H ion concentration of from 10~° to 10°; the lesser acidity gives 
the best results. When the H ion concentration was 10~7 or less 
(that is when the solution was neutral or alkaline in reaction) it 
was found that the precipitate was amorphous and contained no 
crystals. It was found that the optimum amount of the acid 
mixture could be added to the solution, by simply adding the 
acid mixture drop by drop while vigorously stirring and noting 
after the addition of every few drops the reaction of the solution 
with litmus paper. When the litmus paper showed a perceptible 
change in color, a sufficient quantity of the acid mixture had been 
added. It is difficult to prescribe a definite quantity of the acid 
mixture that must be added to a solution in order to obtain 
crystals without reference to the H ion concentration, since the 
alkalinity of egg white appears to vary according to the freshness 
of the eggs. After the correct acidity has been obtained, frac- 
tionation of the ovalbumin can be made by successive additions 
of saturated ammonium sulfate solution. 

The procedure in separating the erystalline ovalbumin and 
the other fractions was then continued according to the method 
of Osborne and Campbell. All manipulations, except the 


Salm, E., Z. physik. Chem., 1906-07, lvii, 471. 
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dialysis, were carried out at a temperature of about LO-15°C. 
without the addition of preservative. 

An electric fan, when blowing air of room temperature (about 
20°C.) over wide, flat, glass dishes containing the ovalbumin 


solution, was found to dry the protein rapidly. The process o 
drying could be hastened by warming this air, but the writer has 
not found this to be absolutely necessary. When the dialyzed 
ovalbumin was being evaporated to dryness at a temperature 
below 50°C. (to prevent coagulation), it was found that as thi 
solution became more coacentrated, small particles of seemingly 
coagulated protein could be seen in the solution. These were 
centrifuged off. 


The amorphous ovalbumin was pulverized in a mortar snd 


thoroughly mixed. The first preparation of ovalbumin was 
found to have a water content of 8.2 per cent when dried at 110°C 
The nitrogen, 15.49 per cent, and ash, 1.24 per cent, content 
based on the dry weight of the substance) compares favorably 
with the results of previous investigators. The second prepara- 
tion of ovalbumin showed a water content of 8.62 per cent. Its 
nitrogen content was 15.77 per cent, and ash content 0,14 per 
cent (based on the dry weight of the substance). The write: 
has confirmed the observations of Osborne and Campbell that 
preparations of ovalbumin, obtained by evaporating their cleat 
solutions in pure water to dryness below 50°C., do not completely 
redissolve when treated with water. This undissolved substance 
may be a mechanical coagulum or possibly may be due to the 
effect of any excess of H ions used in the precipitation of the 
crystals of ovalbumin. 

Following similar lines of work in determining the refractive 
index constants of proteins in solution by various workers'’ in 
this laboratory and elsewhere, the preparations of ovalbumin 
were used for the determination of the refractive index" con- 
stant. Robertson'® has shown that if proteins are dissolved in an 
acid or alkaline aqueous solution, the change in the refractive 
index of the solvent is directly proportional to the concentration 
of the dissolved protein. This fact can be expressed algebraically 


Robertson, T. B., J. Physic. Chem., 1909, xiii, 472; The physics! 
chemistry of the proteins, New York, 1918, 359 
Schmidt, C. L. A., J. Biol. Chem., 1915, xxiii, 487 
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as follows: n - ny 6.x... where nis the observed refractive 
index of the solution, m the refractive index of the solvent in 
which the protein is dissolved, ¢ the percentage of the protein 
in solution, and a a constant, expressing the change in the refrac- 
tive index of the solvent by the addition of 1 gm. of protein pel 
100 ee. Robertson!’ has shown that the refractive index of a solu- 
tion of sodium caseinate and that of water at the same tempera- 
ture are independent of the temperature between 20 and 40°C 
The refractive indices of various solutions containing differ- 
ent concentrations of ovalbumin (based on dry weight at 110°C 
were made in a Pulfrich refractometer, reading to within I’ of 
the angle of total reflection. A sodium flame was used as the 
source of light. All solutions were kept for some time in the 
room so that the temperature of the refractomete prism and 
that of the solutions used would be the same. Absolute values 
for the refractive indices are unnecessary in the determination 


j 


of the constant a, since we are only coneerned with the difference 
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}? ! } 
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0 | . 33284 
0 1 33464 0 OOILN » OOOOS 
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Solvent, 0.1 Nn NaOH Temperature 22-23°¢ 
Q 1. 33394 
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2? 0 1. 33751 0 00179 0 00004 
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Q 1. 35449 
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TABLE II 
Pre paration 2. 


Concentration of 


ovalbumin Refractive index a 


Possib 


le error for a 


23°C 
+ OQOOOS 
=Q OO006 
0) OOOO4 
re og 


0 OOO0S 


=Q OO005 
=() OOOO 


23°C 


+ 
t 


+ 


0 0000S 
0.00005 
0.00004 


=() OOO16 


+ 


Solvent, 0.1N NaOH. Temperature 22 
I cen 
0 1.33402 
1.0 1.33583 0 OO1S81 
1.5 1.33671 0.00179 
2.0 1.33751 0.00175 
Solvent, 0.05 n NaOH. Temperature 
0 1.33343 
10 1.33520 0 OO177 
1.5 1.33607 0. OO176 
20 1.33695 0 00176 
Solvent, 0.0136 n NaOH. Temperature 
0 1.33292 
0.909 1.33457 0.00181 
1.36 1.33536 0.00179 
1.818 1.33607 0.00173 
Solvent, 0.005 n NaOH Temperature 23°C 
0 1.33292 
0.5 1.33378 0.00172 
1.0 1.33472 0 OOLS80 
' between the refractive index of solution and 


preceding tables are given the results that were obtained. 
values for a are obtained from the equation n ’ 

From the tables it is evident that within the limits of the ex- 
perimental error and for the different solvents used, the value 
for @ is a constant. The experimental error, reading to within 


|’ on the refractometer, is greatest in the most dilute solutions 
and least in the more concentrated, hence to average the values 
for a as calculated from each determination would not give the 


most nearly correct probable value for a. 


shown that the correct method of obtaining the value for a is to 
add all the values for n n, and divide this total by the total 
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of the concentrations used. The same method of calculation is 
likewise employed in determining the possible error for the con- 
stant a. Using this method of calculation, we obtain, from all 
the determinations made, the average value for a as 0.00177 
0.00006. 

In the case of ovalbumin, as has been observed by previous 
investigators for other proteins, the increase in the refractive 
index of the aqueous solvent due to a given concentration of the 
dissolved protein is independent of the nature and concentration 


within the limits studied) of the aqueous solvent. 


SUMMARY. 


1. The crystallization of ovalbumin was found to be dependent 
upon the H ion concentration of the globulin-free solution of 
egg white; crystals are formed when the H ion concentration lies 
between 10~° and 10 

2. The refractive indices of varying amounts of ovalbumin 
dissolved in water, 1 per cent ammonium sulfate, and in various 
concentrations of sodium hydroxide, have been measured. 

3. The solutions of ovalbumin were found to follow the law 
n—ny a X c: where n is the observed refractive index of the 
protein solution, m that of the aqueous solvent, c the percentage 
of dissolved protein, and a a constant expressing the change in 
the refractive index of the aqueous solvent by the addition of 1 
per cent of protein. 

$1. The average value for a in the above formula was found to 
be 0.00177 += 0.00006; the value obtained by Robertson” for the 
albumins of ox serum being 0.00177 + 0.00008. 


I am indebted to Dr. Carl L. A. Schmidt for the constant interest 
that he has taken in this work and to the Sheldon Travelling 
Fellowship of Harvard University which made _ possible the 
financial aid necessary in carrying out the investigation. 


13 Robertson, J. Biol. Chem., 1912, xi, 179 
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The method which has long been in common use for the prepa- 
ration of casein from cow’s milk is the one originally devised by 
Hammarsten. This consists essentially in separating casei! 
from diluted milk by means of acid, filtering and washing the 
separated casein, and dissolving it in dilute alkali, after which the 
processes of coagulation by acid, filtration, washing, and redis- 
solving are repeated four or five times. While modifications 
in some minor details have been proposed, the preparations of 
easein obtained by the Hammarsten method and its modifica- 
tions have been of questionable purity in one or more respects. 
Such preparations of casein usually contain calcium phosphate, 
mono-calcium caseinate (the brine-soluble compound), and prob- 
ably also products of hydrolysis due to exposure of the casein to 
alkali, acid, and water for unusual periods of time. 

In studying the work of Van Slyke and Bosworth! it was no- 
ticed that soon after milk coagulates in the ordinary process of 
souring, all of the calcium and inorganic phosphorus of the milk 
is in solution. This fact suggested the possibility of preparing a 
pure casein that would not be subjected to the objectionable 
conditions connected with the Hammarsten process. It occurred 
to us that if an acid could be introduced into undiluted milk in a 
manner resembling the formation of acid in the natural souring of 
milk, the objectionable features could be obviated and a pure 
product obtained. The most important condition of natural 
souring to be thus approximated is the gradual addition of acid 
and its immediate distribution through the mass of milk without 
causing coagulation of casein at the point where the acid first 
comes into contact with a portion of the milk. This result can 


1 Van Slyke, L. L., and Bosworth, A. W., J. Biol. Chem.. 1916, xxiv, 191. 
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be accomplished by introducing the acid below the surface of the 
milk with simultaneous high-speed mechanical stirring, the tip 
of the tube that carries the acid into the milk being so arranged 
that it is very close to the stirrer and near the bottom of the 
vessel containing the milk (see Fig. 1). The details of the ap- 
plication of this principle have been developed in practical use 


and are here presented. 
[. Method. 
| 1: BD scription of A pparatus. 


7 The apparatus used in coagulating casein in milk by adding 
acid under the surface with rapid stirring consists of four main 
| parts: the vessel, the burette, the acid-earrying tube, and the 
| stirrer (see Fig. 1). 
; Vessel Holding Milk.—The container (A) in which the coagula- 
a tion of casein takes place may consist of any suitable open vessel, 
: such as a wide-mouthed bottle, a precipitating jar, or an ordinary 
granite-ironware pail, having a capacity of 1 to several liters ac- 
j cording to individual requirements. It is desirable that the 
vessel should be of relatively low form, since it is more difficult 
to stir the entire body of the milk satisfactorily if it is in too deep 
ae a layer, and also there is a greater tendency to vibration of 
' stirrer. 
hs Burette—The burette (B) holding the acid is an ordinary one. 
While only one stop-cock is necessary, two are convenient, one to 
serve as a shut-off, and the other to regulate the flow of acid. 
Tube Carrying Acid—The capillary glass tube (C), which 
. carries the acid from the burette into the milk, needs detailed de- 
scription. The diameter of the bore of the tube should be 1.5 to 
2mm. ‘The special construction of the delivery tip (T) of this 
tube is important. It should be bent upward somewhat and the 
opening should be flattened and widened in the form of a narrow 
= slit. The object of the slight upward bend is to prevent milk or 
q particles of coagulated casein from being forced into the delivery 
a tube and interfering with the flow of acid by clogging. The 
upper end of the delivery tube is connected with the burette tip 








by means of a close-fitting connection of rubber tubing. Care 
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must be taken not topermit any strain at this rubber joint during 
the delivery of acid into the milk because such strain may draw 
milk or particles of casein into the tube, causing stoppage. For 
this reason a pinch-cock cannot be used in place of a second 


stop-cock below the burette. 
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Stirring-Rod— The stirrer (D) is so designed that it will main- 
tain a rapid, uniform speed and stir thoroughly the volume of 
milk used without producing excessive foam. The stirring-rod 
is made of perfectly straight, rigid glass tubing about 1 cm. in 
diameter, and is mounted on two annular ball-bearings (F and 
I). The attachment of the ball-bearings to the glass stirring- 
rod is made by interposing sections of rubber tubing of suitable 
thickness. This arrangement has the effect of keeping the stir- 
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ring-rod properly centered and thus prevents strain on the glass 
tubing and consequent vibration and foaming. Connection with 
the motor (M) is conveniently made by means of rubber tubing 
(R). Such a stirrer, if properly balanced, is found to run at high 
speed without vibration and is convenient in the laboratory for 
many other uses. The motor should be connected with a rheostat 
to control the speed of the stirrer. 

As shown in the illustration, the stirrer is placed in the vessel 
at one side of the center. In this position the blade (F) forces 
the milk upward. If the stirrer were in the center of the body of 
milk, the rotation would tend to form a whirlpool and draw air 
into the milk, resulting in the formation of foam. Moreover, the 
upward movement of the milk against the tip of the acid-delivery 
tube causes the most rapid and thorough mixing of the acid and milk. 

The tip of the acid-delivery tube is placed, as shown in the illus- 
tration, in such a manner in relation to the revolving blade that 
the whirling milk washes the end of the tip but is not thrown 
directly against the opening in the tip in such a way as to force 
milk or particles of casein into the tube, which might result in 
clogging the tube and stopping the flow of acid. 


2, Milk Used. 


Fresh, undiluted milk, the fat of which has been removed by 
centrifuge, cooled to 15°C., is used. While any amount of milk 
can be taken by furnishing the required conditions for proper 
manipulation, the description here given applies, for convenience, 
to the use of 1 liter of milk. 


3. Kind of Acid. 


While many acids can be used, our work has been limited to 
the use of acetic, lactic, and hydrochloric acids. Preference, how- 
ever, as the result of experience in this work, is given either to 
normal lactic acid or to a mixture consisting of 1 part of normal 
hydrochloric acid and 1 or 2 parts of normal acetic acid. It has been 
found that aectic alone does not always give a satisfactory coagula- 
tion of casein in undiluted milk. Satisfactory preparations have 
been made by the use of hydrochloric acid alone. The only 
objection to its use is the danger of adding too much acid. 
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4. Addition of Acid and Coagulation of Casein. 


To 1 liter of milk, normal acid is added in the apparatus de- 
scribed above, the stirrer rotating as rapidly as possible without 
causing excessive foaming, which is usually at the rate of 2,000 
to 3,000 revolutions per minute. The acid is allowed to flow into 
the milk at a rate which will not cause appreciable coagulation as 
shown by application of the following sedimentation test. 

A few ec. of the milk are whirled in a sedimentation tube for a 
short time. If, on pouring the liquid from the tube, a sediment 
remains at the bottom, it is an indication that acid has been 
added too rapidly and has caused some coagulation of casein at 
the point of contact of acid and milk. Such action can also be 
avoided by having the milk and acid at low temperatures. Gen- 
erally speaking, the first 45 ee. can be added in 30 minutes. The 
addition of acid is continued until the amount reaches about 60 
ec., after which the rate is decreased somewhat until the coagula- 
tion point is nearly reached, as shown by the test given below; 
and then, before addition of more acid, the mixture is allowed to 
stand about 3 hours, the rate of stirring being diminished to 500 
revolutions per minute or less. 

The approach to the point of coagulation of casein can be easily 
ascertained by diluting a few cc. of the acidified milk with an 
equal volume of distilled water and centrifuging in a sedimentation 
test-tube, when the casein completely separates. This is due to 
the fact that the hydrogen ion concentration of acidified milk is 
increased by dilution and that this increase is sufficient, in cas 
of milk near the point of casein coagulation, to throw down the 
casein. When this test results in casein separation, the addition 
of acid is stopped, as stated above. When this test shows no 
casein separation, then addition of acid is continued and the 
test repeated at intervals until such separation of casein occurs. 

During the latter stages of addition of acid, foaming may make 
some trouble. This, however, can be obviated or controlled by 
adding a few drops of octyl alcohol, or by using a stirrer free from 
vibration, or by having the vessel that contains the milk about 
double the capacity required to hold the amount of milk used, 
which will usually provide sufficient room to accommodate the 
foam; any foam forming subsides promptly when the coagulation 


of the casein takes place. 
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After standing under gentle stirring for 3 hours with acidity 
just below the point of casein coagulation, addition of acid is 
continued slowly, accompanied as before by rapid stirring in order 
to obtain the particles of casein coagulum in the finest possible 
state of division. Addition of acid is now continued to the point 
at which a portion of the mixture, when centrifuged, gives a defi- 
nite supernatant layer of solution above the casein. Ordinarily, 
it requires about 90 ce. of normal lactic acid or a mixture of 1 
part of normal hydrochloric acid and 2 parts of normal acetic 
acid to accomplish this for each liter of milk used. Less normal 
hydrochloric acid (about 75 ee.) is required. When the coagula- 
tion is complete, as shown by the test, the mixture is allowed to 
stand 2 to 4 hours with gentle stirring. 


5. Treatment of Casein Coagulum. 


The mixture of coagulated casein and solution is placed in two 
or four half-liter centrifugal bottles and whirled in a centrifuge 
at a rate of about 1,000 revolutions per minute until the casein 
settles at the bottom, occupying about one-third of the original 
volume of the mixture. The supernatant liquid is decanted. 
The casein, which is now a white, dense, gelatinous-appearing 
mass is next washed with distilled water in the centrifugal bottle. 
In order to mix the water thoroughly with the compacted mass of 
casein, it is necessary to add the water in small amounts and 
beat the mixture with a rubber-tipped, glass-rod stirrer into a 
mass of smooth, creamy consistency, free from lumps; enough 
water is used to bring the mixture to the capacity of the bottle. 
This mixture of water and casein is centrifuged until the casein 
is separated as before, and then the supernatant liquid is de- 
eanted. The operation of washing with distilled water is repeated 
until the casein fails to separate completely from the water when 
the mixture is centrifuged, indicating freedom from electrolytes. 
This may require four or five washings. After final washing 
with water and decantation, the casein is washed first with cold 
95 per cent aleohol twice, and then with ether three times, in the 
same manner as with water, care being taken to add the liquid 
gradually with vigorous beating, particularly in the first wash- 
ing with aleohol, in order to make a smooth, homogeneous mix- 
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ture and prevent aggregations of casein particles. The centri- 





fuging with alcohol and ethe: does not usually require as long a 





time as with water. The object of washing with alcohol is to 





remove the water and any alcohol-soluble material as completely 





as possible before treating with ether. An excessive amount of 





water in the casein causes it to cake hard in drying. Washing 





with ether serves chiefly to remove any fat that remains. A very 





minute amount of fat in the casein causes a cloudy or milky ap- 





pearance when the casein is dissolved in excess of lime-water. 





Che casein is finally spread on a smooth, flat surface in the open 






air to dry. While drying, the mass should be gently worked with 





a spatula in order to keep it in its finely pulverulent condition 






eZ Control of Ash and Phosphorus Content of Case? 







The ash and phosphorus content of casein prepared in the 
manner described depends upon certain details in the method of 





preparation. Holding the casein in the uncoagulated condition 





at a degree of acidity just below the point of coagulation results 





in a preparation low in phosphorus, the minimum amount being 
0.80 per cent. This result is due to the fact that the suspended 





inorganic phosphate (CaHPQO,) in milk is completely dissolved 





by the treatment. It requires in our experience 3 hours at least 





to make sure of complete solution of the insoluble phosphate. 





It is, however, not advisable to let the casein stand in this un- 





coagulated condition more than 6 hours, especially if not kept 





at a temperature of 18°C. or lower, because some slight hydrolysis 





of the casein may occur, which tends to affect unfavorably the 





properties of the preparation. 





If casein after coagulation is held in suspension at a hydrogen 





ion concentration above the isoelectric point, the amount of ash 





is low, ranging from 0.05 to 0.15 per cent. This result is due to 





the decomposition of the acid calcium caseinate (mono-caleium 





caseinate, soluble in warm, dilute brine solution), the acid com- 





bining with the calcium and leaving the casein base-free. Com- 





plete action requires 2 to 4 hours. Longer standing under these 





conditions is not likely to cause any hydrolysis, according to our 





experience. When, therefore, it is desirable for convenience to 





carry the preparation over night and complete it the 2nd day, 
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the casein can remain in this completely coagulated condition 
without affecting its character. 

When the insoluble inorganic phosphate is not completely dis- 
solved before coagulation, it does not appear possible to remove 
it completely after coagulation, no matter how long the mixture 
is allowed to stand. This is indicated by the results embodied 
in the following table: 


a.” | Lae” Ash Phosphorus. 
hrs. hrs per cent per cent 
0 6 0.15 0.85 
0 24 0.14 0.86 
0 24 0.15 0.83 
3 0 0.46 0.81 
} 0 0.438 0.81 

12 0.15 0.85 

3 15 0.05 0.80 

3 18 0.11 0.81 

4 4 0.10 0.81 

16 4 0.10 0.81 
30 10 0.10 0.80 


* We are indebted to Mr. R. W. Keeler for repeating and confirming 


these determinations. 


The first three series of results in the table show that when the 
mixture is not allowed to stand awhile in the uncoagulated con- 
dition at a point of acidity just short of coagulation, the phos- 
phorus content is relatively high. The cases in which the mix- 
ture was allowed to stand 3 and 4 hours before coagulation but 
not at all after show high ash but low phosphorus content, indi- 
cating removal of inorganic phosphorus and retention of calcium 
in the form of mono-calcium ecaseinate. The last five series of 
results in the table, from preparations obtained by allowing the 
mixtures to stand 3 to 30 hours before coagulation and 4 to 18 
hours after, show a minimum of both ash and phosphorus. In 
no case was it found possible to obtain a preparation with a per- 
centage of phosphorus lower than 0.80 by prolongation of the 
period of standing. 
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III. Advantages of Method of Making Preparation of Casein. 


In comparing the method described in this article with other 
methods employed for the preparation of casein, there are certain 
facts in favor of the new method, to which attention is called. 

1. By the new method a preparation of casein can be made 
within 10 hours. Other methods usually require 2 or 3 days. 

2. This method uses the milk without dilution and saves 
much time and labor in lessening the amount of material to be 
handled. 


3. In this method unnecessary excess of acid is avoided. The 


hydrogen ion concentration of the coagulation mixture is only 


slightly above the isoelectric point of casein; that is, about pH 
1.5 to 4.6. 

t. The contact with reagents need not exceed 6 to 8 hours. 

5. At no time is the casein brought into contact with alkali. 

6. The casein thus prepared is base-free, containing no calcium 
phosphate and no form of calcium caseinate. 

7. The dried casein we obtain forms a very fine powder even 
without grinding; usually about 90 per cent will pass a screen 
containing 100 meshes to the inch. 

8. This casein very easily and quickly dissolves to a water- 
clear solution in dilute mono-basie alkali solutions and also in 
excess of lime-water. Lime-water solutions of the casein, when 
neutral, are opalescent. 

9. By this method it is possible to obtain without appreciable 
loss all the casein in the milk in pure form. In other methods 
the losses of casein in manipulation are considerable and un- 


avoidable. 
SUMMARY. 


1. Casein in pure form, free from inorganic phosphorus, cal- 
cium, and hydrolytic products, is prepared by treating undiluted 
milk with normal acid, preferably lactic or a mixture of 1 part of 
hydrochloric and 2 parts of acetic. The acid is introduced slowly 
into the undiluted milk below the surface, the tip of the tube 
carrying the acid into the milk being so arranged that it is very 
close to a mechanical stirrer revolving at a high speed and also 
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near the bottom of the vessel containing the milk. Under these 
conditions the acid does not cause coagulation of the casein at the 
point where the acid first comes into contact with a portion of the 
milk. Details of precipitation, washing, and drying of the casein 
are given on pages 131 and 132. 

2. Ash and phosphorus contents are unusually low, being about 
0.10 per cent of ash and 0.80 per cent of phosphorus, with no 
calcium. 

3. By this method casein can be prepared within 10 hours. 
Excess of acid with danger of hydrolysis is avoided. Contact 
with reagents is reduced to a minimum. The product is a very 
fine white powder. It contains neither inorganic phosphorus 
nor calcium. It dissolves at once in dilute solutions of mono- 
basic alkalies and also in excess of lime-water to a clear solution. 
Lime-water solutions of this casein, when neutral, are opalescent. 
The yield of the casein from milk is practically quantitative. 
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While carrying on an investigation relating to the amount ot 
free lactie acid present in milk during the process of souring,' we 
found it desirable to make many electrometric titrations, giving 
accurate results, with solutions containing milk proteins, for the 
purpose of obtaining numerous data to be used in preparing 
a curve for each series of titrations. The methods previously used 
for this purpose?~§ in connection with proteins have involved the 
preparation of a separate solution and the replating of the elec- 
trode for each point in a curve. Such a procedure requires large 
expenditure of time, labor, and material and, moreover, gives 
inaccurate results when the proteins coagulate. 

We have undertaken to devise a method by which electrometric 
titrations can be accurately performed in one solution. Hilde- 


brand* has proposed a method which partially accomplishes this 


purpose but the results obtained are of only approximate accuracy, 
and, moreover, the method is not applicable to solutions contain- 
ing protein. MeClendon'’® has recently published a method of 


Van Slyke, L. L., and Baker, J. C., J. Biol. Chem., 1918, xxxv, 147 
Bugarszky, S., and Liebermann, L., Arch. ges. Physiol., 1898, Ixxii, 51 
> Robertson, T. B., J. Physic. Chem., 1910, xiv, 528 

4 Manabe, K., and Matula, J., Biochem. Z., 1913, lii, 369 

5 Pauli, W., and Hirsehfeld, M., Biochem. Z., 1914, Ixii, 245 

6 Clark, W. M., J. Med. Research, 1914-15, xxxi, 431; J. Infect. Dis.. 

1915, xvi, 109 

7 Schmidt, C. L. A., J. Biol. Chem., 1916, xxv, 63 

’Cullen, G. E., J. Biol. Chem., 1917, xxx, 371 

’ Hildebrand, J. H., J. Am. Chem. Soc., 1913, xxxv, 847 
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continuous electrometric titration, which, however, cannot be 
used in the presence of proteins that are precipitated by the titra- 
tion reagent or on the electrode, especially at the point of contact 
at the surface of the liquid. 


I. Apparatus. 


The apparatus used by us in making numerous electrometric 
titrations in one solution consists of several essential parts, as 
shown in Fig. 1. The new features devised by us relate to 
the assemblage of the different parts in the vessel in which the 
reaction takes place and to the arrangement of the electrode. 
The other parts of the apparatus are the tube carrying the 
standard acid into the solution, the tube for introducing special 
reagents, the stirrer, and the tube ‘carrying the saturated KCl 
solution. 

1. Vessel Holding Protein Solution.—The vessel (V), in which 
the electrode is placed and in which the reaction occurs, is a wide- 
mouthed bottle. It may be of any size adapted to one’s conveni- 
ence but should have about twice the capacity of the liquid to be 
used. In our work we have found it convenient to take 100 ce. 
or 200 ec. of solution, and we therefore use a bottle holding about 
400 ec., calibrated in units of 50 ee. The apparatus is so arranged 
that it can be used in a water-bath if desired. 

The neck of the bottle is provided with an easy-fitting cork 
stopper (S), through which pass into the bottle the several parts 
or connections of the apparatus. For greatest convenience this 
stopper ig divided into two equal parts, as shown in the illus- 
tration, with perforations as indicated. This arrangement sim 
plifies the assemblage of the parts of the apparatus. 

2. Hydrogen Electrode—The hydrogen electrode (A) is sus- 
pended inside the hydrogen-carrying tube (2). The latter is made 
from a 10 ee. pipette, which is cut in two in the middle, and the 
lower part of one side is cut off diagonally, thus forming a bell- 
shaped projection at the lower end, which is used for the protec- 
tion of the hydrogen electrode when the parts of the apparatus 
are being put together. The upper end of this hydrogen tube 
passes through a hole (EF) in the stopper, being fitted so that it 
ean be raised and lowered, thus permitting the lower end to be 
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raised above, or submerged below, the surface (L—L) of the 
solution in the vessel, according as it is desired or not to allow 
hydrogen to bubble through the solution. The tube is con- 
nected at the upper end with the hydrogen supply by means of 
pure gum rubber tubing, which must make gas-tight joint 
connections. 

The hydrogen electrode (A) consists of a piece of platinum foi] 
about 1 em. square, welded to a platinum wire about 15 em. long 



































The lower half of the wire is protected by enclosure in a piece of 
glass tubing about 8 em. long, reaching close to the electrode, 
and is sealed by fusion at each end. This protecting glass tube 
must be small enough to pass freely inside the hydrogen tube 
(E) in order to permit raising and lowering and also to allow the 
free passage of hydrogen. 

In order to arrange the hydrogen electrode properly inside the 
hydrogen tube, the rubber tubing at the upper end of the hydro- 
gen tube is pulled across the end of the tube and punctured with 
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a pin; through the hole thus made the upper end of the wire 
on the platinum electrode is passed making a gas-tight sliding 
joint. The wire end of the electrode is introduced into the lower 
or bell-shaped end of the hydrogen tube and is then passed 
through the pin-hole made in the rubber tubing. The electrode 
ean now be raised or lowered within the hydrogen tube by taking 
hold of the portion of the wire extending above the rubber tubing. 
When the electrode is raised so as to be within the bell-shaped 
projection of the hydrogen tube, it is completely protected from 
the outside, but it must not touch the inside walls of the bell 
at any point. 

Before using, the cleetrode is cleaned in hot chromic acid, 
washed with water, and given a uniform coating of platinum 
black.'' It is then dipped again in hot chromic acid, washed, and 
electrolyzed according to Clark’s directions. The bubbles should 
come from the electrode at all points with perfect uniformity. 
When this test is satisfactorily met, the electrode is drawn up 
into the bell and placed in a beaker of distilled water to soak for 
not less than half an hour, after which it is ready for use. Elee- 
trodes thus prepared rarely fail to give satisfactory results. If it 
is desired to check specially the accuracy of an electrode before 
using, this is done by any of the standard solutions such as 
S6rensen’s phosphate mixture” or Clark’s standards.” 

3. Glass Tube Carrying Titration Reagent.-The eapillary glass 
tube (B), which carries the titration reagent from a burette into 
the solution in the vessel, has been previously deseribed by us." 
A burette 30 em. long and holding 10 ce. can be used to advan- 
tage. The hole in the cork through which B passes should be 
sufficiently close-fitting to hold it firmly. 

4. Stirring-Apparatus.—The stirring-apparatus (D) has been 
already described by us in another paper." The stirring-rod 
should not fit too closely in the opening in the cork stopper 
through which it passes but should be allowed room enough for 


free movement. 


Clark, J. Biol. Chem., 1915, xxiii, 475. 

> Sérensen, 5S. P. L., Ergebn. Physiol., 1912, xii, 393. 

13 Clark, W. M., and Lubs, H. A., J. Biol. Chem., 1916, xxv, 479. 
‘4 Van Slyke and Baker, J. Biol. Chem., 1918, xxxv, 127. 
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5. Tube for Introducing Special Reagents.—The special tube 
(‘) is ordinary glass tubing about 2 inches long, which can be 
used for the introduction of any special reagent that may be de- 
sired, such, for example, as caprylic aleohol, when necessary, to 
prevent foaming. To the upper end of this tube is fitted a piece 
of rubber tubing, provided with a clamp with which to keep the 
tube closed when not in actual use for admitting a reagent. By 
making this tube long enough to reach below the surface of the 
solution, it ean be used for withdrawing solution when desired. 
In this ease the tube should be located near the side wall of the 
bottle away from the stirrer. 

6. Tube Containing KCl.—The tube (KX) containing saturated 
KCl solution consists of a small eylindrical funnel-tube fitted 
with a glass stop-cock and bent in the manner shown in the illus- 
tration. For convenience in handling, the tube is divided at the 
top (T), and the two separate parts are connected closely with 
rubber tubing. In case the apparatus is used with a water-bath, 
the stop-cock should be located near the rubber connection. 
The end of the tube where it dips into the protein-containing 
solution in the bottle, is drawn out to make the opening small and 
this opening is plugged with a small roll of filter-paper to retard 
the flow and diffusion of the KCl solution. If desired, the satu- 
rated solution of KCI can be held in the tube with agar. The 
level of the KCI solution in the cylindrical funnel must be slightly 
below that of the liquid (L-L) in the bottle in order to prevent 
flow. <A balance of the solutions is desirable. This tube is fitted 
in the cork stopper so that it ean be raised in order to remove the 
lower end from the solution. The stop-cock should be closed 
when the tube is being raised. 

?. Additional Pieces of Apparatus—In making electrometric 
titrations, the following additional pieces of apparatus are used. 
a) A Leeds and Northrup potentiometer, type K; (6) a Leeds 
and Northrup galvanometer, type R, for zero instrument; (c) a 
one cell storage battery to supply the working current, which 
is checked with a Weston standard cell kept at constant tem- 
perature. The current being measured originates in the chain, 
Hg} HgCl 0.1 ~ KCI) saturated KCI] solution) He! Pt . kept at 


constant temperature during each titration. 
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II, Advantages of Apparatus. 


In addition to the points of convenience already mentioned, 
the special arrangement of the apparatus in the vessel (V), de- 
scribed above, enables one to overcome certain difficulties that are 
commonly encountered in making electrometric titrations, such 
as interference by dissolved oxygen, local chemical action at the 
point where the titration reagent is introduced into the solution 
titrated, foaming of solution, deposition of protein on electrode, 
and interference by bacterial action or by autohydrolysis during 
titration. These difficulties have been satisfactorily overcome. 

1. Interference by Dissolved Oxygen.—This is prevented by dis- 
placing the air from the vessel (V) and maintaining a slow current 
of hydrogen through it. 

2, Local Chemical Action.—Chemicai action at the point where 
the reagent is introduced into the solution is prevented by using 
the specially designed tip and stirrer described by us in another 
article.“ The use of the stirrer has been found to be of service 
also in overcoming some of the other difficulties. 

3. Foaming of Solution.—This is a troublesome feature con- 
nected with the titration of solutions containing protein. The 
mechanical stirrer tends to increase the difficulty. It is overcome 
by introducing the hydrogen above the surface of the solution 
to be titrated and also by controlling the vibration and speed of 
the stirrer. While the foaming is thus kept at a minimum, yet 
enough hydrogen is stirred into the solution to keep the electrode 
saturated. In case foaming is not troublesome, the hydrogen 
can be introduced under the surface of the solution in the manner 
indicated in the illustration. With solutions that foam easily, 
eaprylic alcohol can be used effectively’ and without interfering 
with the accuracy of the results of titration. However, its use 
is advocated only as a last resort. 

i. Deposition of Protein on Electrode.—This can be prevented 
by complete immersion of the electrode in the solution. The 
rapid movement of the solution prevents local chemical action 
at the electrode and at the same time hydrogen is stirred into 
the solution and carried to the electrode. However, other pre- 
cautions to prevent deposition of protein are essential. The 


‘6 Van Slyke, D. D., J. Biol. Chem., 1912, xii, 282. 
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platinum wire attached to the electrode must be protected at the 
point where it enters the solution, which is accomplished by seal- 
ing it into the glass tube, as already described. The electrode 
after being plated must be soaked in distilled water for a half 
hour or more before being used, in order to remove adsorbed 


acid. 


The apparatus is so arranged that the electrode can be 
quickly lowered into the sdlution after the parts of the apparatus 
are assembled and the stirrer started to rotating. This arrange- 
ment prevents collection of protein on the electrode. 

5. Bacterial Action and Autohydrolysis.—Interference from 
these actions can be satisfactorily prevented only by fairly rapid 
work. We have been able within 2 hours to complete determina- 
tions yielding values for use in making a curve, and during such a 
brief period of time no appreciable interference takes place due to 
changes caused by these agencies. We have found no antiseptic 
wholly free from objection when used in the solution under ex- 
amination. Of those tried, thymol has been found the least 
objectionable. 


ITT. O pe ration. 


The solution to be titrated is poured into the bottle or vessel 
V) and water is added to make the desired volume. If a thermo- 
stat is used, the temperature of the solution should now be ad- 
justed. Any bubbles present should be removed, which can be 
done by pricking them with a greased pin or by touching them 
with a fine capillary tube containing ether. The burette must 
be previously filled and all bubbles carried out of the delivery 
tube (B), the tip of which should be rinsed before it is put into 
the vessel. The filled delivery tube and the stirrer are placed in 
position within the vessel or bottle. The two halves of the cork 
stopper are now placed in position together with the other parts. 
Care is taken to have the electrode drawn up within the protect- 
ing bell so that it does not touch the apparatus or solution. Hy- 
drogen is now permitted to flow rapidly in until the air is dis- 
placed, after which the stirrer is set in motion. This precaution 
is necessary because any bubbles of air that are stirred into the 
solution greatly retard the attainment of equilibrium. The 
‘lectrode is now quickly lowered until it is entirely under the 
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surface of the solution, and connections are then completed for 
the electrolytic circuit. Equilibrium is quickly reached ordi- 
narily, usually in 2 to 5 minutes after introducing the electrode. 
During the period approaching equilibrium, the stirrer should be 
run fast enough to keep a few bubbles of hydrogen constantly in 
suspension in the solution. Equilibrium is indicated by a con- 
stant E. M. F. for 2 minutes or more. When the kB. M. FP. is sat- 
isfactory, the desired amount of reagent is slowly introduced from 
the burette, during which the stirrer may be slightly accelerated 
to prevent coagulation but not fast enough to produce foam. 
After introduction of the reagent, readings are made once a min- 
ute until constant. When the amount of reagent introduced is 
0.5 ec. or less, equilibrium should be immediate. Titration is 
now continued until the desired number of values is obtained. 

In order to avoid marked dilution of the protein solution, ti- 
trations are made with use of N solutions of reagents, and thus the 
need of making corrections is avoided since the hydrogen ion con- 
centration of the buffered solutions is inappreciably changed by 
the small degree of dilution under such conditions. The speed 
of the stirrer must be carefully regulated so as to cause little or no 
foam; consequently, the addition of the reagent must be moder- 
ately slow; for example, about 1 ec. in 2 minutes in the case of 
~ HCl] with solutions containing 1 per cent of casein. 

The accuracy of the electrometric titration can be checked, 
when completed, by redetermining the final &. mM. F. value of the 
titration of the solution with a Clark electrode. If agreement 1s 
not close, the results of the titration should be discarded and the 
operation repeated. In our work agreement is nearly always 
obtained. 


SUMMARY. 


A method has been devised by which numerous electrometric 
titrations can be accurately performed in one solution in the pres- 
ence of proteins. 

The apparatus consists of a wide-mouthed bottle, holding about 
100 ec., in which the eleetrode is placed and in which the reae- 
tion oceurs. The neck is provided with a cork stopper contain- 
ing perforations through which pass into the bottle the several 


parts or connections. The hydrogen electrode, made of platinum 
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foil, is suspended in a special manner inside the bell-shaped end 
of the tube carrying hydrogen and is so arranged that it can be 
lowered into, or drawn up out of, the solution titrated. Other 
parts are (a) a glass tube carrying the titration reagent from a 
burette into the solution titrated, (6) a special stirring-apparatus, 
(c) a tube for introducing additional special reagents, (d) a tube 
containing KCl and, in addition, other pieces of standard appa- 
ratus required to measure hydrogen ion concentration. 

The apparatus has the advantage of enabling one to prevent 
a) interference by dissolved oxygen, (6) local chemical action at 
point where the reagent enters the solution under titration, (¢) 
foaming of solution, (d) deposition of protein on electrode, and 
(e) interference by bacterial action or hydrolysis. 

In operating, the solution under examination is placed in the 
bottle, the volume and temperature are adjusted, and all bubbles 
are removed. The parts of the apparatus are assembled in posi- 
tion, the electrode being above the solution. Hydrogen is run 
in freely and air displaced. The stirrer is set in motion. The 
electrode is lowered into the solution, electric connections are 
made, equilibrium is established, and then N titration reagent 
run in. Readings of £. M. F. are made once a minute until con- 
stant. Titrations are made until the desired number of values 
is obtained. The method permits rapid work. 
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It has been the universal custom to speak of the acid constitu- 
ents present n sour milk as lactic acid, Just as if the acidity were 
due directly and entirely to the presence of free lactic acid, as 
such. The usual method of determination has been to titrate 
the milk to phenolphthalein with 0.1 N alkali and to express the 
results either as percentage of lactic acid or as the number of 
ec. of 0.1 N alkali required to neutralize 100 ce. of milk. 

When milk sours under ordinary conditions, lactic acid is first 
formed but this reacts at once, practically as fast as formed, with 
the basic constituents present in the milk.’ In fresh cow's milk, 
the compounds reacting with acids are, first, basic phosphates 
and citrates of calcium, magnesium, sodium, and potassium, and 
second, calcium caseinate... When the lactic acid that is formed 
in the souring of milk reacts with these compounds, there are 


formed mono-basic or acid phosphate and citrate salts, free casein, 


and lactate salts, especially of calcium. It is sufficient for our 


purpose to represent more simply the essential results of the 


reactions as consisting of the formation of mono-calcium phos- 
phate, free casein, and calcium lactate. In view of this condi- 
tion, it cannot be expected that there will be considerable amounts 
of free lactic acid in souring milk until these reactions are prac- 
tically completed. 

In previous work carried on in this laboratory, efforts were 
made to determine separately the amounts of free lactie acid 
and combined lactic acid. It was found, however, in a solution 


containing lactic acid, that laectates and mono-basic phosphates 
Van Slvke. L. L., and Bosworth, A. W.,. ol. Chem., 1916, xxi 
Van Slvke and Bosworth, J. Biol. Chem 
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undergo mutual reaction, forming free lactic acid and di-caleium 
phosphate. It was impossible to tell with accuracy at what point 
the conversion of lactate into free lactic acid begins, and no 
satisfactory method by continuous extraction bas been found for 
making a separate determination of free lactic acid in the pres- 
ence of lactate and phosphate salts. 

In the work described in this article, three methods have been 
used for determining the amount of free lactic acid in sour milk. 
In two of these methods, the results are based largely upon the 
measurement of hydrogen ion concentration (C,) and in the 
other upon partial extraction of lactic acid by ether. In addition, 
it has been necessary to make a study of the influence exerted by 
adsorption of lactic acid by casein. Further work is presented 
in relation to the effect of different conditions upon the amount 
of free lactic acid in sour milk, the coagulation point of casein in 
sour milk, and the first indications of sour flavor in milk. 


Methods for the Determination of Free Lactic Acid in Sour Milk. 


I. Measurement of C,, and Application of Mass Law. 


The free lactie acid that is formed in the souring of milk consists, 
in part, of ionized and, in part, of un-ionized acid. The ionized, or 
chemically active portion, combines promptly with the basic con- 
stituents of the milk to form lactate, as already pointed out. In 
accordance with the law of mass action, when a portion of ionized 
acid is thus removed, a portion of the un-ionized or non-dissociated 
acid changes into the ionized form, and this change goes on con- 
tinuously during the process of souring. The amount of ionized 
lactic acid present at any stage of the souring process is very 
small in comparison with the un-ionized portion, as shown in 
Table I. 

The lactic acid in sour milk is present, therefore, as free lactic 
acid and combined lactic acid or lactate, the free lactie acid being 
present as ionized and un-ionized acid. In accordance with the 
law of mass action, there exists, under the conditions present 
in sour milk, definite quantitative relations between the amounts 
of free lactic acid, ionized lactic acid, and combined lactic acid. 
Our problem is to make use of these mathematical relations in 


ascertaining the amount of free lactic acid in sour milk at any 
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stage of the souring process. These relations can be expressed 
alo = 
by the following equation: ; ky, in which a equals the 
hydrogen ion concentration (C,,) or ionized lactic acid; b, the total 
amount of lactic acid formed; x, the amount of un-ionized free 
lactic acid; and f;, a constant varying with temperature. In 
this equation, @ is ascertained directly by the measurement of the 
(‘, value; 6 is found by titration; and k, (t = 25°C.) is about 
25 or 26 X 10~°, as determined by us. Therefore, all the values 
are known except that of x, the amount of free lactic acid, the 
value of which is the one we wish to determine. The equation 


ab 


being rearranged becomes x Ps 
G - (25 x 10 


The value of a (C,,) is determined by means of the hydrogen 
electrode at 25°C., using Cullen’s modification of the Clark 
cell’ * of 2 ce. capacity, with 0.1 N KCl, calomel half-cell, and 
saturated KCl for contact. A Weston cell, calibrated by the 
U.S. Bureau of Standards, is used in conjunction with a 2 volt 
storage battery as standard voltage. All of the apparatus is 
kept in an air-bath at 25°C. The hydrogen used is purchased in 
stored cylinders and purified by passing through strong solutions 
of alkaline KMnQO, (twice), and alkaline pyrogallol (twice), then 
dilute H2SO,, and finally through a long tube filled with ab- 
sorbent cotton. The voltage is read with a Leeds and Northrup 
potentiometer, with a sensitive galvanometer for zero instrument 


The value of 6, the total amount of lactic acid formed at any 


stage in the souring process, is determined by titration to phe- 
nolphthalein with 0.1 N NaOH; the figure thus obtained is cor- 


rected by the subtraction of the titration value given by the 
fresh milk. 

The value of & at 25°C. is determined with. the hydrogen « lec- 
trode, using a solution of pure lactic acid of known concentration 
and also solutions of lactic acid containing different amounts of cal- 
cium lactate. / is found to have the same value with or without 
calcium lactate. This method is used in preference to conduc- 


tivity methods because it is desired tO use the constant in mak- 


1915, xxiii, 480 
1917, xxx, 371 
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ing interpretation of the results obtained by the same method, 
expressed in terms of hydrogen ion concentration (C,). The 
value of k at 25°C. found by us within the limits of acidity pres- 
ent in sour milk is 25 & 10°-° to 26 « 10°°. We have not been 
able to confirm the value for * (14 * 10>°) found by Ostwald! 
nor that (k = 31 X& 10-5) published by Goldschmidt and Biirkle.' 
Van Slyke and Van Slyke’ found the value considerably higher 
than that of Ostwald. 


EXPERIMENTAL. 


It now remains to give some additional details as to how the 
work was performed in measuring the hydrogen ion concentra- 
tion (C,,) value and the total amount of lactic acid formed in 
sour milk. 

Fresh milk is run through a centrifugal separator to remove 
fat and is pasteurized by holding L hour at 62°C. A portion is 
inoculated with a pure, uncurdled culture of Bacterdum lactis acid: 
(1: 10,000).8 The inoculated milk is kept at 25°C. By actual 
testing it was found that the culture remained pure throughout 
the duration of each experiment. Before inoculation and at 
intervals after, portions are removed with a sterile pipette and 
the C, values immediately determined; this requires about 15 
minutes. The results are stated in values of pH and C,. The 
temperature is kept at 25°C. during the whole operation. 

In each case, the titration with alkali to determine the total 
amount of lactic acid that has been formed is made immediately 
before the &. M. F. reading. Thus both determinations are prac- 
tically simultaneous and any possible error due to difference in 
time is inappreciable. The titration is made as follows: 0.1 N 
NaOH is added to 10 ee. of milk and 1 ce. of aleoholie solution 
of phenolphthalein until the first pink color appears and remains 
about 60 seconds. The milk is measured with a rapid-delivery 
pipette calibrated to contain 10 ec. The milk adhering to the 


* Ostwald, W., Z. physik. Chem., 1889, iii, 193. 

§ Goldschmidt, H., and Biirkle, E., Ber. chem. Ges.. 1899, xxxii, 364. 

7 Van Slyke, L. L., and Van Slyke, D. D., Am. Chem. J., 1907, xxxviii, 
100). 


*’’This and the other cultures referred to later were furnished by Mr 
G. L. A. Ruehle, Assistant Bacteriologist at this Station. 
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inner wall of the pipette is rinsed out with 10 ce. of distilled 
water, the rinsings being added to the sample to be titrated. 
With curdled milk the same procedure is followed, except that 
the 1 ee. of aleoholic solution of phenolphthalein is not added to 
the milk until sufficient 0.1 N alkali has been added to dissolve 
most of the curd. This modification is made for the purpose of 
preventing the hardening effect of the alcohol upon the particles 
of casein, since such hardening makes it difficult to reach a sharp 
end-point reaction. With this modification, duplicate determi- 
nations in case of curdled milk can be obtained with an agree- 
ment within 0.05 ce. 

The results of the work are embodied in Table I. In Column 1 
the figures indicate the intervals of time between inoculation and 
sampling for determination. The results in Column 2 are ob- 
tained by direct titration in the manner already described, while 
the figures in Column 3 are found by subtracting the titration 
result of the fresh milk (18 ce.) from that found in the sample 
taken at each indicated interval of time. The values in Column 
tf are obtained by direct determination, as already explained. 
The figures in Column 5 are the C,, equivalents of the pH values 
given in the preceding column and are used in calculating the 


results given in Column 6. The figures in Column 6 are ob- 
ah 


tained by use of the equation a j in which all values are 
“7 + ‘ 


to be expressed in mols (the molecular weight in gm.) and k, is 


taken as 25 X 10-°. The values for a are based upon the figures 
in Column 38, while the values of 6 are given directly in Column 5. 
The figures in Column 7 are placed here as a matter of con- 
venience for future reference. 

The data embodied in Table I can be summarized in the fol- 
lowing statements: 

1. The total acid formed in the milk in the process of souring, 
as determined by titration and expressed as cc. of 0.1 N alkali 
required to neutralize to phenolphthalein 100 ce. of milk, varies 
from 1 ce. at 15 hours after inoculation to 97.3 cc. 48 hours after 
inoculation. 

2. The pH value of souring milk at different intervals runs 
from 6.50 (equivalent to C,, 0.082 * 10-°) in fresh pasteurized 
milk to 4.17 (equivalent to Cy, 6.8 * 10-°) in the milk 48 hours 


after inoculation. 
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TABLE I. 





Results of Determination of Free Lactic Acid in Sour Milk by Measurement 
of Cy and Application of Mass Law. 


0.1 N lactic 


Timeot lOtw NaOH | Increase ot | H¥romen ion concentration | 0.1 x tro. /?cii bs 
after inoc- required to | acidity due 100 ec partial 
wietion neutralize 100 to lactie acid Bk elie ain 
ec. of milk. pH CL, _ traction 
(1) | 2 (3 4 5 t (7) 
hrs cc 
0 LS 6.50 0.032 & 10 
6 19 1.0 6.43 0.037 “ 
16 20.2 2.2 6.40 0.040 
17 21.5 3.5 6.3 0.049 . 0.007 
18 | 23.3 5.3 6.21 0.062 o 0.01 
19 27.2 9.2 5.91 0.123 " 0.05 
20 33.0 15.0 5.75 0.180 " 0.10 
203 36.8 IS.S 5.58 0.265 0.20 
21 | Be 23.4 5.46 0.35 0.33 
213 18.2 30.2 5.33 0.47 0.56 
22 4.2 36.2 5.18 0.66 0.90 
223 63.6 15.6 $98 1.05 1.84 2.0 
23 73.8 55.8 4.73 1.90 ‘ 3.95 s7 
235 Cif 78.2 60.2 1.73 1.90 4.25 4.2 
4 | $20 64.0 157 2.70 “ 6.24 6.0 
24} §2.3 64.3 +. 56 2.80 ’ 6.50 6.3 
295 | 101.5 83.5 4.32 +. 80 “ 13.40 14.0 
18 115.3 97.3 1.17 6.80 20.80 22.0 


3. The amount of 0.1 N free lactic acid in 100 ec. of milk, cal- 
culated on the basis of the measurement of C,, and titration values 
and the application of the mass law, varies from 0.01 ce. at 18 
hours to 20.8 cc. 48 hours after inoculation. 

$!. Comparing the results given in Column 3 with those in Col- 
umn 6, we observe a wide difference between the total amount of 
acid formed in the milk during souring and the amount of lactic 
acid existing free. During the first 20 hours, the amount of free 
lactic acid present is very small, since that which forms combines 
at once with the basic constituents of the milk. At 203 hours 
after inoculation, under the conditions of our experiments, about 
| per cent of the total acid in the milk, shown by titration, exists 
as free lactic acid. This percentage increases to 4 per cent of the 
total in 223 hours, 7 per cent in 233 hours, nearly 10 per cent in 


24 hours, 16 per cent in 295 hours, and 22 per cent in 48 hours. 
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II. Partial Extraction by Ether and Application of the Coefficient 
of Distribution. 


Lactic acid, when dissolved in water, can be extracted in part 
by ether. When a water solution of lactic acid is treated with 
ether and the mixture shaken until the ether dissolves all of the 
acid that it can, the concentration of acid (a) in the ether layer, di- 
vided by the concentration of acid (6) remaining in the water layer, 
gives a resulting factor (4), which is constant at any one tempera- 
ture for any solution of lactic acid, without regard to the rela- 
tive volumes of the ether and water. In mixtures containing 
only lactic acid and water, this constant is approximately 0.08. 

a 
These relations are expressed by the equation, } k 

When, however, other substances are also present in solution, 
they may change the ratio. Therefore, in order to make use of 
this method in determining the amount of free lactic acid in 
sour milk, it is necessary to ascertain the effect of the compounds 
dissolved in milk upon the value of k. It is impossible to do 
this directly because of the neutralization of lactic acid by the 
calcium caseinate and basic phosphates and citrates in souring 
milk. For experimental work, a solution was prepared, consist- 
ing of a mixture of free lactic acid with chlorides of calcium, 
sodium, potassium, and magnesium in concentrations approxi- 
mating, for the bases, the amounts present in average normal 
milk. In such a solution the value of & becomes 0.09 approxi- 
mately. This figure, however, fails to take into consideration the 
effect of phosphates, citrates, or milk proteins on the value of 
The effect of casein could not be measured, but free phosphoric 
acid and citric acid were added to the mixture of laetie acid and 
chlorides, and the resulting mixture was partially extracted with 
ether. Under these conditions, the value of /& becomes 0.095 
The results of these experiments indicate that neither the salts 
nor acids used have a marked effect upon the coefficient of distri- 
bution of lactie acid between water and ether. Therefore, while 
this value of & (0.095) may not be regarded as being the strictly 
true value, it is sufficiently accurate to make this method of value 
in approximately measuring the amount of free lactic acid exist- 
ing in sour milk, especially when taken in connection with the 


other methods used by us. 
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EXPERIMENTAL. 


In applying this method, one puts 50 ec. of the milk under ex- 
amination in each of two 100 cc. centrifuge tubes and adds to 
each about 50 ee. of acid-free ether. The tubes are closed with 
stoppers, leaving an air-space above the ether. The mixture is 
gently shaken at intervals, care being taken to avoid such vig- 
orous shaking as would emulsify the mixture to such an extent 
as to prevent the ether later from being separated more than one- 
half by centrifuging. It requires about 15 minutes to complete 
the operation and bring the two layers into equilibrium. The 
mixture is then centrifuged until 25 ec. or more of the ether in 
solution separates as a clear layer so completely that it can be 
withdrawn. The clear ether from both tubes is then mixed, 
being poured off into a graduated cylinder, care being taken that 
only clear ether, unmixed with water or emulsion, be poured out. 
The total volume of ether is read and the ether is then trans- 
ferred to the vessel in which titration is to be made. Water 
(about 25 ce.) is added and the ether evaporated, care being taken 
that the water solution does not boil or evaporate. The solu- 
tion is then cooled and titrated with 0.05 or 0.02 N NaOH, free 
from carbonate, or with 0.02 N Ba(OH)s, using phenolphthalein 
as indicator. The amount of free lactic acid present in the milk 
is calculated from the following equation (derived from the 


a 
equation given above, 5 = ().095): 
) 


ec. of O.1 N alkali used , 

; x 1,050 = ec. of 0.1 N NaOH required to 
ec. of ether decanted 
neutralize the lactic acid in 100 ce. of milk. 

The figures in Table IL give the results of determinations made 
by this method in the case of pasteurized milk inoculated with 
Bacterium lactis acidi. 

The results were checked by measurement of C, and applica- 
tion of the mass-law method previously described and were found 
to be in good agreement. In Table I results are given in the last 
column, showing the figures obtained by the two methods. The 
ether-extraction method gives reliable results, however, only 
when there is no ether-soluble acid present other than lactic 
acid. Such a condition exists when the only organisms present 


are Bacterium lactis acid? and Baeillus bulgaricus; but in milk 
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soured in the ordinary way there may be at times some acetic 
acid.’ This is illustrated by an experiment in which milk was 
inoculated with an ordinary ‘‘starter’ and determinations of 
acid were made by ether extraction with the following results. 





rABLE II. 
Results of Determination of Free Lactic Acid in Milk by E 
Ether and Use of Coe ficient of Di trib itior 
0.1N NaOH 0.02 N NaOH 0.1N NaOH 
lime examined required to . required t required to 
culation neutralize 100 ce Ether extract neutralize free neutralize free 
of mil lactic acid in ] e acid ir 
re ether extract 100 ec. of Ik 
Fresh 17.0 

20 51.2 60 O08 2 8 

21 64.0 14 1.0 18 

22 70.0 54 95 97 

1S 98.0 58 6.4 93 9 

96 990 52 5 9 92 


$y comparing the results in the last column of Table III with 
those in the last column of Table II, it is seen that after 23 hours, 
the figures in Table III are much in excess of those in Table II 
This was found to be due to the presence of a volatile acid, prob- 


rABLE Il. 
Res alts ot Ethe Extra hon Vethod in () dina 1Sou Vil 


0.1N NaOH ee Ran pan yon x m — 
Fane cenit | ctl tab ce, | Wither extract neutralize free vutial we fre 
of milk other tll 100 « 
) 1) 55 0.6 2.0 
23 61 52 1.0 10 
a SO 18 41.4 19 
18 90 53 10.2 1). 4 
O6 95 60 12.5 13.7 


ably acetic. The figures obtained after 23 hours in Table III fail, 
moreover, to agree satisfactorily with results obtained by calcu- 
lations based on measurement of C,, and application of the mass- 
law equation. 


Josworth, A. W., and Prucha, M. J., N. Y. Agric. Exp. Sta Tech- 


nical Bull. 14. 1910 
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III. Double Electrometric Titration with Lactic and Hydrochloric 
Acids. 


In order to test the accuracy of the results obtained by the 
methods already described in determining the amount of free lactic 
acid in sour milk, it appeared desirable to make use of the method 
of electrometric titration described in another article'® applied to 
the same milk used in previous experiments, employing lactic 
and hydrochloric acids. 

The use of the double electrometric titration of milk with lactic 
acid and hydrochloric acid in ascertaining the amount of free 
lactic acid is based upon the following considerations: If, working 
within the limits of the acidity of sour milk, we run each of these 
acids from burettes into separate portions of a milk until the 
same ©, of each is reached, we find on examining the burette 
readings that a larger amount of lactic acid has been used than 
of hydrochloric. This difference represents difference in ioniza- 
tion in the two acids. Since lactic acid is ionized only-in small 
part, while hydrochloric acid is practically all ionized, it requires 
larger amounts of lactic acid to produce the same C,; or, stated 
in another way, since the lactic is mostly un-ionized and rela- 
tively none of the hydrochloric acid is un-ionized, the difference 
between the amounts of lactic acid and hydrochloric acid required 
to produce the same C, represents theamount of free lactic acid 
in the milk at the particular point of C,. At the same C,, the 
amount of base neutralized is the same for different acids and 
therefore the lactate and chloride in solution formed in milk on 
addition of the two acids are the same at the same C,. It is 
believed also that no adsorption of these salts occurs to interfere 
with the accuracy of the determinations. 


EXPERIMENTAL. 


Che electrometric titrations are made with N acid and 250 ce. 
of milk. The amounts of acid used (expressed as cc. of 0.1 N 
per 100 ce. of milk) are given in Column 1 of Table IV, the pur- 
pose being to imitate the souring of milk by suecessive small ad- 
ditions of acid. After each addition of acid, the C,, is measured, 
eare being taken to follow the instructions already given in the 
preceding article. The pH values obtained for the different 


Van Slyke and Baker, J. Biol. Chem., 1918, xxxv, 137 
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amounts of lactic acid and hydrochloric acid taken are used in 
preparing the chart shown in Fig. 1, which is based on the values 
given in Table IV. By interpolation, the results of titration can 
be found at equal pH values. Therefore, by inspection of this 
chart, we can ascertain the amount of free lactic acid at any pH 




















50 60 70 80 90 

Fic. 1. This chart based on data in Table IV, enables one to find the 

amount of free lactie acid (0.1 N acid’per 100 ce. of milk) at any point of 

hydrogen ion concentration expressed in terms of pH. This is done by 

measuring the horizontal distances apart shown by the lactic acid and 
hydrochloric acid curves at any one pH value 


point by the horizontal distances between the lactic acid and 
hydrochloric acid curves. It is noticeable that the curves for 
both acids coincide until we have added more than 24 ce. ol 
0.1. N acid per 100 ce. of milk, after which there is a divergence 
in values and this increases gradually. 
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The irregularity or flattening in the curves is noticeable when 
between 50 and 60 cc. of 0.1. N acid have been added. This is 
due to interference as a result of the coagulation of the casein 
by acid. 

In Table IV, we give in the last three columns the results ob- 
tained by the three different methods we have been discussing for 
the determination of free lactic acid in sour milk; viz., (1) by ap- 
plication of mass-law calculations to results of measurement of 
C,, (2) by double electrometric titration, and (3) by partial 
ether extraction and calculation by application of coefficient of 
distribution. 

The agreement of the results obtained by these three methods 
is reasonably close until the coagulation point of casein is reached, 
after which it is not possible to secure uniformity in the distribu- 
tion of acid in the ecurdled milk; this results in slightly lower 
values by the method of double electrometric titration. The 
action of the acid added to curdled milk is limited largely to the 
outer surface of the casein particles. Any di-calcium phosphate 
or calcium caseinate occluded in the coagulated casein particles 
is reached only slowly and incompletely by the process of diffusion. 
When milk sours naturally, each particle of curd or coagulated 
casein contains distributed through it millions of bacteria, which 
are producing acid; and the acid thus formed reaches the oc- 
cluded basic salts more effectively, thus producing a reaction 
more nearly approaching equilibrium. 


Adsorption of Lactic Acid by Casein in Sour Milk. 


(‘asein adsorbs lactic acid.' If free lactic acid is adsorbed by 
casein in sour milk, it is removed from the liquid phase and is, 
therefore, not determined by any of the methods previously de- 
seribed in this article. It seemed necessary, on this account, to 
ascertain how much lactic acid is adsorbed by casein under the 
conditions existing in sour milk and then make such correction as 
might be found to be needed, in order to learn the total amount 
of free lactic acid present in sour milk. Such a correction is based 
upon the assumption that adsorbed acid is removed as such in 
the molecular condition, an assumption justified by results to be 
presented later. 


Van Slyke and Van Slyke, Am. Chem. J., 1907, xxxvili, 383 
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For a discussion of the characteristics of adsorption phenomena, 
the reader is referred to the above cited article of Van Sly ke and 
Van Slyke. 

The amount of lactic acid adsorbed by casein in sour milk has 


been determined by us by four different methods, as follows 


032 
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Results lower on account of coagulation of casein in milk by acid 
|) By adding definite amounts of casein to solutions containing 
given amounts of lactie acid and then determining the extent of 
reduction of the hydrogen ion concentration. 2) By the deter- 
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mination of the acidity of the filtrate after removal of casein 
under the same conditions as in the preceding method. (3) By 
the determination of the amount of acid retained by casein when 
separated from the whey in sour milk. The entire sour milk is 
titrated and also the separated whey, and the difference noted, 
correction being made for the known acidity of the casein. (4) 
By extraction of the lactic acid from sour milk and also from the 
separated whey, the difference between the two results being the 
amount of acid adsorbed. 


I. Adsorption Measured by Reduction of Hydrogen Ton 
Concentration. 


In the first two methods mentioned, the work is carried out with 
prepared solutions of lactic acid and calcium lactate, of known 
concentrations, to which given amounts of casein are added. 
These solutions are made of such concentrations as are known to 
exist in average sour milk; that is, 3 per cent of casein and 0.065 
normal of calcium lactate’ and amounts of lactic acid varying 
according to the degree of acidity desired. Lactie acid solution 
of approximately norma! concentration was boiled in a reflux 
condenser 48 hours in order to remove anhydride and this acid 
was used in preparing the solutions of known concentrations. 

1. Preparation of Solution.—Proceeding now to give the details 
of the method used, we prepare the solutions containing lactic 


2 The factor for calcium lactate, 0.065 normal, is obtained as follows: 
The free lactic acid in sour milk, as determined by application of the 
mass law (p. 148), or by the coefficient of distribution (p. 153), is sub- 
tracted from the total amount of acid in each case, as determined by 
titration, and the remainder, in case of milk soured by pure cultures of 
Bacterium lactis acidi, is assumed to be neutralized lactic acid, which is 
present in sour milk in combination chiefly as calcium lactate. Values for 
neutralized lactic acid (calcium lactate) obtained by this method, in case 
of several curdled milks, vary from 0.05 to 0.075, with an average of about 
0.065 normal. Variations under the conditions found in sour milk in the 
amount of calcium lactate are not found to affect the proportion or per- 
centage of the lactic acid that is adsorbed in case of equal hydrogen ion 
concentrations. While some lactate ion may be derived from the ionized 
lactic acid in a mixture of free lactic acid and calcium lactate, the amount 
is so small as to be negligible in comparison with that from the added 
calcium lactate. 
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acid and calcium lactate in 100 ee. portions, the concentration 
being made twice that desired for the final concentration. This 
is divided into two portions of 50 ce. each, and the casein is 
added in the form of a 6 per cent suspension to one portion, after 
which the volume of each is brought to 100 ce. 

2. Preparation of Casein.—The casein used in these adsorption 
experiments is prepared by the method described by us in an- 
other paper? with the single variation that the washing with 
alcohol and ether is omitted. The casein is made into a water 
suspension, containing about 7 per cent of casein, by vigorous 
beating after the fifth washing with water. Prepared in this 
manner, the casein remains a long time in persistent suspension. 
\ portion (10 ce. of this suspension is titrated to phenolphthalein 
with an excess of 0.1 N NaOH and the solution is titrated back 
to the neutral point with 0.1 N HCl. The amount of casein in 
the mixture is caleulated on the basis of taking 1 gm. of casein 
as equivalent to 9 ec. of 0.1 N NaOH. If the casein in the sus- 
pension is beaten into fine enough particles, the titration gives 
an end-point reading that is accurate to about 0.2 ce. in a total 
titration of about 7 ec. Using the result thus obtained, the 
suspension is diluted so that there will be 6 gm. of casein in 50 
ec. of the suspension. 

. Pre paration of Mixture of (asein and Solution. In prepar- 
ing mixtures, in which we wish to measure the amount of de- 
crease of hydrogen ion concentration, when casein is added to a 
solution containing lactic acid and caleitum lactate, we mix 50 
ec. of the 6 per cent casein suspension at 25°C. with 50 ec. of each 
of the acid solutions at 25°C.; the different amounts of acid used 
are stated in Table V.. The amount of casein in the mixtures 
thus prepared is 3 per cent, accurate within 0.1 per cent. 

Determination of Hydroge n lon Concentration. After the 
mixture of casein and acid is completed, the C, determination 
can be made at any time after 30 minutes, because the adsorption 
is complete within 30 minutes at 25°C. The re. m. F. of the solu- 
tion without casein is first determined in duplicate after stand- 
ing 24 hours. If the duplicates agree, the re. M. F. of the solution 
of the same concentration containing casein is determined, using 
the same electrode. It is desirable to use freshly platinized 


electrodes for each set of two determinations. 
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5. Calculation of Results.—From the procedure described, we 
obtain the following data: (a) The amount of lactic acid and 
calcium lactate used and the hydrogen ion concentration (C,); 
(b) the C,, of lactie acid after the addition of casein, and from 
this latter figure we can obtain (c) the amount of lactie acid in 
the solution after the addition of casein. We can calculate the 
per cent of acid in the original solution that is adsorbed by the 
easein by using the amount of acid in solution, as obtained by eal- 
culation based on the hydrogen ion normal. We subtract the 
figure representing the acid in solution after addition of casein 
from the figure representing the acid in the solution before addi- 
tion of casein, and divide the result by the latter figure; or ex- 

, a—b ; 
pressed as an equation, we have, ——~ = per cent of acid adsorbed ; 
in which a is the amount of lactic acid used and 6 is the lactic 
acid in solution after adding casein. 

The results of our work are given in Table V. In Column 1 is 
given the amount of lactic acid used and in Column 2 the amount 
of acid present after the addition of casein, as determined by the 
method of calculation described above. In Columns 3 and 4 
are given the pH values of the lactic acid present before and 
after adding casein, as found by actual measurement, while in 
Columns 5 and 6 are given the hydrogen ion normal va'ues cor- 
responding to the pH values given in Columns 3 and 4. In Col- 
umn 7 are given the percentages of the used lactic acid that is 
adsorbed by casein, which is present in suspension to the extent 
of 3 per cent. The values in Column 7 are obtained by the 
method of calculation already described. 

By comparing the figures in Table V, Column 3, with those in 
Table III, Column 4, it is seen that the range of real acidity 
within which we have studied the question of adsorption is con- 
siderably wider than that found in sour milk. 

In studying the results in Table V, those in Column 7 attract 
our special interest. According to these results, no lactie acid is 
adsorbed by casein under the conditions of our experiments 
until the casein is added to a solution which has a pH value of 
4.51. From that point on to higher degrees of acidity, adsorption 


increases with increase of lactie acid. 
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The percentages of lactic acid adsorbed at different concentra- 
tions of hydrogen ion have been plotted (Fig. 2). By means of 
this, one can approximately ascertain the percentage of acid 
adsorbed in any given sour milk, provided the hydrogen ion con- 
centration of such milk is known. 

There is an apparent disagreement between the results in Table 
V and those published by Van Slyke and Van Slyke,“ who found 

rABLE V 


of Lactie 1; iL hy Casew Ba ed ¢ ; 


Lactic acid in 
olution, expressed 
4s pH 


0.1 N lactic acid 


100 
100 ce. of solutior 


Without With ithout Witl 


i 
Casein casein casein casein 


Without casein 


under the conditions of their experiments that some lactic acid is 
always adsorbed even at low concentrations, while our results, 
on the contrary, show no adsorption when we use not more than 
7 ce. of 0.1. N lactie acid per 100 ce. of solution. There is, how- 
ever, no real disagreement when the difference of conditions in 
experiments is taken into consideration. In their work, lactic 
acid and casein only were used, while in our work there is pres- 
ent, in addition, calcium lactate, in order to imitate the condi- 
tions in sour milk. The presence of calcium lactate greatly re- 
duces the ionization of the lactic acid, so that the amount of 
ionized lactic acid is less in our experiments, even though the 
amount of free acid is greater. To such an extent is this true that 


3 Van Sly ke and Van Sly ke, Am 1. J., 1907, xxxvill, 435 
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in the solutions containing 7 ece., and less, of added 0.1 N acid 
per LOO ce. of solution, the hydrogen ion concentration is below 


the isoelectric point of casein, which equals C,, 0.27 X 10-4, 
value in close agreement with that (0.24 to 0.26 * 10>-4) found 
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Fic. 2. This chart shows the approximate percentage of the free lactic 
acid in sour milk that is adsorbed by 3 per cent of casein at different de- 


grees of hydrogen ion concentration expressed in terms of pH 


by Michaelis.“ By isoelectric point, we mean that hydrogen ion 
concentration at which the positive and negative charges on col- 
loidal particles are equal. At this point casein is combined with 
neither base nor acid. When pure casein is added to a solu- 
tion having the same reaction, it is found, as seen in Table V, 
Columns 1 and 2, that the C,, 


remains unchanged and, there- 


14 Michaelis, L., and Pechstein, H., Biochem. Z., 1912, xlvii, 260 
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fore, no acid is removed by casein through adsorption. When 
the C, is below 0.27 « 10-4, then casein and calcium lactate 
undergo reaction, calcium combining with casein to form calcium 
caseinate with simultaneous formation of free lactic acid. Under 
these conditions, it is not likely that casein could adsorb lactic 
acid at the same time that it is combining with calcium. At the 
isoelectric point casein combines with neither acid nor base. If 
adsorption occurred below ees 0.27 * 10-4, the resulting solu- 


tion would have a lower C,, which is contrary to our results. 





oa. Adsorption VWeasured OY Pe sults of T tration. 


In obtaining the titration values for determining the percent- 
age of acid adsorbed by casein, we prepare, as in the case of the 
preceding method, known solutions of lactic acid and calcium lac- 
tate and add to each of these enough casein in suspension to 
make the mixture contain 3 per cent. The mixture of acid solu- 
tion and casein is shaken vigorously for a short time and then 
filtered, the first few ec. of filtrate being rejected. Then a por- 
tion of 10 ce. is titrated to phenolphthalein with 0.01 nN NaOH. 
The amount of acid in the original solution, less the amount of 
acid shown by titration of the filtrate, divided by the amount of 
acid in the original solution gives the percentage of the acid used 
that is adsorbed by the casein. 

However, the titration values need to have a correction applied 
in the form of a reduction of 0.6 cc. If we compare the amounts 
of lactic acid used with the amounts found after the addition of 
casein, we find that the amounts of acid, as determined by titra- 
tion, are considerably higher after addition of casein than the 
amounts originally used and also higher than the amounts found 
by measurement of the hydrogen ion concentration. This is ob- 
vious if we examine the first three columns in Table VI. Thus, 
we notice that when we add casein to a solution containing 7 
ee. of O.1N laetie acid per 100 ce., the value obtained by the 
determination of C,, shows the same amount of acid, which means 
that no adsorption takes place at that point of acidity. But the 
titration value at the same point gives 7.6 cc. of 0.1 .N lactic acid, 
or an excess of 0.6 ce. over the amount with which we started. 
This amount of excess deducted from the titration values in 
Column 3, Table VI, gives the results found in Column 4. 
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The cause of the discrepancy which requires the correction in 
the titration results may be found to be due to one or both of 
two reactions which affect the titration. (1) There may be a 
reaction between the calcium lactate and casein, resulting in the 
formation of insoluble calcium caseinate and free lactic acid, 
which would increase the titration results. (2) There is dis- 
solved casein present in the filtrate, which would increase the 
titration somewhat. The amounts of casein in the filtrate are 
given in Column 7 of Table VI. The determinations of casein 
were made by colorimetric methods with standard solutions of 

TABLE VI. 
Adsorption of Lactic Acid by Casein, Based on Titration Results 
a’ Lactie acid 


Lactic acid adsorbed by . 
ein in 
adsorbed by ‘casein, based wears 8 


0.1 N lactic acid in 100 ce. of solution 


Corrected 


Without | ™'E" @"" | with casein pm omy consin, based} | ony “i 
casein H by titration on titration. | determina- 
method tion 
1 2 3 4 ) 6 7 
cc ce per i 
5.0 5.3 6.2 5.6 0 0 0.0145 
5.5 5.7 6.6 6.0 0 0 0.0155 
6.0 6.2 7.0 6.4 0 0 0.0160 
6.5 6.5 Be 6.6 0 0) 0.0165 
7.0 7.0 7.6 7.0 0 0 0.0170 
S 0 1.9 & 9 7.6 5 6 0.0175 
9 0 8.2 SS 8 2 9 Qg 0.0185 
20.0 15.4 16.9 16.3 19 23 0.0250 
30.0 | 22 0 94.7 94.1 1) 27 0.0400 


easein dissolved in nitrie acid, the work of Van Slyke and Van 
Slyke’ being used as a basis for the method, in connection with 
a Duboseq colorimeter. 

The chief interest in the results in Table VI lies in Columns 
5 and 6. We find that the percentage of lactic acid adsorbed by 
casein agrees closely by the two methods within the range of 
acidity commonly found in sour milk. 
III. Adsorption Measured by Titration Acidity in Sour Milk and 

Whey. 

It is essential to know whether the results obtained in the pre- 

ceding experiments are applicable to the conditions existing in 


146 Van Slyke and Van Slyke, Am. Chem. J., 1907, xxxviii, 406. 
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sour milk. In order to ascertain this, special experiments have 
been made with sour milks. If we determine the acidity of 
whole or unseparated curdled milk and then of its separated whey, 
we find the acidity of the whey less than that of the whole sour 
milk. The difference is due to the free casein which is present in 
the whole curdled milk but absent from the whey. <A part of this 
difference of acidity is due directly to the neutralizing or base- 
combining power of free casein, | gm. of casein requiring for 
neutralization to phenolphthalein 9 ec. of 0.1 N alkali. The other 
and smaller portion of decrease of acidity is due to adsorption of 
acid by casein. For example, 100 ec. of a whole, curdled milk 
requires 100 ec. of 0.1 N NaOH to neutralize it to phenolphthalein. 
When the casein is removed and the whey neutralized, it is found 
to require only 72 cc., a difference of 28 ec. of 0.1 N alkali. This 
milk contains 2.8 per cent of casein, which requires 25.2 ee. (9 
ec. X 2.8) of 0.1 N alkali to neutralize it. Of the total 28 ce. 
decrease of acidity between the whole sour milk and the whey, 
25.2 ce. are thus accounted for by the base-combining power of 
the casein, and this leaves 2.8 ec. to be accounted for as adsorbed 
by casein. On the basis of these statements, the amount of ad- 
sorption of acid by casein can be ascertained in the case of sour 
milk by subtracting from the total acidity of the milk the acidity 
of the whey and of the casein in the ntilk. 

We have completed experiments with four different sour milks 
in the line indicated by the foregoing statements. 

Milk, in which the percentage of casein is determined, is treated 
with a pure culture of Bacterium lactis acidi and allowed to stand 
at 25°C. until curdled. A portion of the curdled milk is ti- 
trated to phenolphthalein with 0.1 N NaOH by the method 
already described (p. 150) care being taken to dissolve the casein 


completely. Then a known amount of the eurdled milk is whirled 


in a centrifugal test-tube until the whey separates in a clear, 
supernatant layer above the solid layer of casein. A given 
amount of the separated whey is titrated to phenolphthalein 
with 0.1N NaOH. The results of these experiments are given 
in Tables VII and VIII. The results in the last column 
of Table VII are obtained by adding the figures in Columns 3 
and 6 in each experiment and subtracting the sum from the 
figures in Column 5. 
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TABLE VII. 


Adsorption of Lactic Acid by Casein in Sour Milk. Results Based on 


Titration. 
Amount of 0.1 N NaOH \mount 
Acidity of Milk re juired to neutralize | 0.1N 
No. of Casein in casein analyzed o rt 4 “s 
experiment milk expressed as after 100 cc. of Whev from presser for 
0.1N NaOH.) inoculation latin 100 ce 100 ce. of 
sour milk of sour mil sour milk 
(1 ? ; 4 5 6 7 
per ‘4 T 
2.70 24.3 tS 106 78.0 a7 
2 2.80 20.2 iS 49 70.8 3.0 
2.79 25.1 72 100 (2.2 2.7 
H 2.87 25.8 96 107 78.0 32 
The data in Table VII enable us to find the amount of lactic 


acid adsorbed by casein for 100 ec. of sour milk. In order to 
find what percentage of the free lactie acid present in sour milk 


is adsorbed, we must know also the amount of this free lactic acid, 


d rABLE VIII 


| Free Lactic Acid in Sour Milk Used in Experiments 


Potal Acidity of | Total lactic 
vcidity. 0.1.N) fresh milk af “, | Hydrogen a 
. NaOH 0.1 N = —" ion concen- | 24 ot nat gdb 
by , | required to required to . > pt e tration —s ous . — 
experimet a Potal acidity 1 expressed as 100 ec. « 
neutralize neutralize lens nial’ pressed as ( mil 
100 cc. o 100 ex ss a4 pH H sour milk 
1 ys } "W Intresh mili 
: SOUT Tin 0 esh milk 
ty ] 106 16.5 S95 1.25 5.6 ™& 10 16 4 
K 9 99 18.0 81.0 1.27 5.4 a 14.4 
P . 3 100 18.0 82.0 1.37 3 a 12.0 
{ 107 19.0 88.0 1.33 14.7 ” 14.0 
; 


and this is obtained from the data in Table VIIL by application 
of the mass-law calculation (p. 148 and Table III, p. 155 

From the figures in the last columns of Tables VII and VIII, 
we can calculate the percentage of free lactic acid adsorbed by the 
casein in 100 cc. of sour milk. We obtain the following values: 
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Free lactic acid in 100 | 


act 
ec. of sour milk 


No. of experiment 


16.4 
14.4 
12.0 
14.0 


If we use the pH values in Table VIII in connection with the 
adsorption curve (p. 164), we obtain the following figures for the 


percentage of lactic acid adsorbed by casein in sour milk. 


" lsorption ¢ irve 


”) 


21 
IS 


IS 


It may be stated in connection with the method of measuring 
adsorption by means of titration values, as described above, that 
we appreciate that it is open to some serious objections All 
errors in titrations fall upon the value obtained for adsorption 
and these may be considerable unless one is accustomed to thi 
method and performs the work with care. The amount of ad- 
sorption is small and errors in work are therefore of relative 
prominence. Its value lies mainly in affording an independent 
or additional means of measuring adsorption in connection with 


ot her met hods. 


IV. 1dsor pt On Measured hy Extraction of Lactic Ac / 
Milk and Whey. 


A measured portion of sour milk is extracted about 48 hours 
by hot ether in a continuous extractor, enough phosphoric acid 
being added to convert all lactates into free lactie acid. A given 
portion of whey, obtained in the manner already deseribed (p. 
167) is extracted in the same way. We thus obtain the total 
lactic acid formed in the milk during the process of souring and 
also the total in the whey. The difference represents directly 
the amount adsorbed by the casein in the milk. This method is 


applicable in case of milk soured by such pure cultures as are 
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TABLE IX. 
Adsor plion of Lac tie Acid Veasured by Extraction of Sour Milk and uv hey. 


Amount of 0.1 | Amount of 0.1 Percentage of 


Amount of 0.1 cine ae N lactic acid Amount of 0.1 : = 
No. of N lactic acid * —— Saag adsorbed N free lactic lactic = 
experiment in 100 ce , ges ; be RB by casein in 100 acid in 100ce. of), pce awe t 
of sour milk — ec. of sour sour milk adsorbed by 
aes milk casein 
ce cc cc 
l 90.1 85.8 1.3 16.4 26 
2 81.2 “i | 3.5 14.4 24 
3 $4.0 SL.5 2.0 12.0 21 


known to produce only lactic acid. The method was applied to 
the milks numbered 1, 2, and 3 used in the preceding experiments. 

A comparison. of the results obtained by the four methods 
employed are in approximate agreement in showing that in sour 
milk about 20 to 25 per cent of the entire free lactic acid present 
in the milk is adsorbed by casein. When we consider the total 
amount of lactic acid (free and combined as lactates) that is 
formed in sour milk, the percentage adsorbed amounts in most 
cases to only 2.5 to 3.5 per cent approximately. 

In accordance with our results, it is sufficiently accurate to make 
an allowance of about 20 per cent of the free lactic acid in sour milk 
as the amount adsorbed by casein. Therefore, in estimating the 
total amount of free lactic acid in sour milk, we determine the 
amount of free lactic acid in solution by the method based on 
the C, value (p. 148) and to this result add 20 per cent of itself. 

In this connection the question may be raised as to whether 
other acid constituents of milk, such as acid phosphate and 
citrate salts, are not also adsorbed by casein. Some special 
experiments were made to test this point. Solutions with hy- 
drogen ion concentration approximately equal to that of sour 
milk were made, in all of which there was the same concentration 
of lactic acid but varying amounts of other constituents. Some 
contained only lactic acid and calcium lactate, while others con- 
tained also acid citrate or acid phosphate in the approximate 
portions present in milk. To each of these different solutions 
casein suspension was added to the extent of 3 per cent in the 


manner previously described (p. 161) and the reduction of hy- 
drogen ion concentration was measured. In all cases the results 
showed no greater removal of acid by casein from those solutions 
containing acid citrate and phosphate than from the one con- 








L. L. Van Slyke and J. C. Baker 171 
, ; 
taining only lactic acid. Similar experiments in which acetic 
acid was present gave only slightly increased adsorption of acid. 
The results with acid citrate and phosphate solutions are in har- 
mony with the fact that all the citrate and phosphate in sour 
milk are found in the serum." 
TABLE X 


Acidity of Milk Soured under Different Conditio 


Days Fi vdrogen ion conce: 0.1N 9.1 N free | tas total 2-1 ~ lactic 0.1 ~ tot 
No. of cond tration expressed as ig ae i aia lnc - fave of ‘foamed 
sample ufter in by casein — lactate in in 100 ce. 
nocula = ( 100 ce. | in 100.ce. | 100 ce. of f 
tior , H of milk.) of milk i mil sour milk 
l 2 1.17 6.8 10 21.0 tS 25.9 71.4 97.3 
2 2 1.03 7.2 26.5 7.6 33.7 64.3 98.0 
3 3 1.34 $.6 is 14.2 2.4 16.6 74.4 91.0 
i 6 $56 2.9 si 8.3 3.0 8.6 71.4 80.0 
5 j 3.86 14.0 “| 64.0 23.0 87.0 92.0 179.0 
6 10 3.70 | 20.0 —) 36.3 134.0 80.0 2920.0 
7 3} 4.14 Y “1230 5.0 °26.0 67.5 93.5 
8 2 1.02 9.5 e Zi .2 i.o 34.5 64.5 99.0 
9 2} £.37 1.3 14.7 2.3 17.0 83.0 100.0 
10 2? 1.35 1.5 . 16.4 2.8 19.2 SS.3 107.5 
11 3 +. 32 1.8 as 16.1 9 9 19.0 81.0 100.0 
12 3 + 43 a.2 ” 11.6 1.5 3. 1 76.9 90.0 
) l £36 1.4 : 14.4 2.0 16.7 79.3 96.0 
14 l $36 1.4 mi 13.6 2.2 15.8 48.2 91.0 
15 } :.22 6.0 * | 20.0 +. 4 24.4 77.6 102.0 
16 3 115 ia " 15.0 | 18.7 51.8 70.5 


Ae dity of Sour Milk Ss. 


In connection with the work already described, it is a matte 
of interest to know something more in relation to the amount of 
acid produced in milk when soured under different conditions. 
We therefore present additional data obtained from a study of 
sixteen samples of sour milk. In all cases the milk was kept at 
25°C. during the process of souring. In Samples | to 3, the 
souring was effected by Bacterium lactis acid? inoculated in pas- 
teurized milk; in Sample 4, by Streptococcus lacticus; in Samples 5 


9) 


and 6, by Bacillus bulgaricus; in Samples 7 to 12, by natural 


16 Van Slyke and Bosworth, J. Biol. Chem., 1916, xxiv, 193 
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‘ 
souring, that is, by using unpasteurized milk which was self- 
inoculated by lactic organisins getting into the milk during 
milking and subsequent handling; in Samples 13 to 15, by inocu- 
lating unpasteurized milk with a more or less impure lactic cul- , 
ture or so-called starter of sour milk. Sample 16 is the same as 
15 but is diluted with one-half its volume of water, enough lae- 
tose being added to make the amount of lactose the same as in 
the undiluted milk. 

The interval of time after inoculation before analysis varied 
from 1 to 10 days. The determinations made were (1) hydrogen 
ion concentration; (2) the amount of free lactic acid; including 
that adsorbed, obtained by methods previously described in this 
article; (3) the total amount of lactic acid present in the form of 
lactate, obtained by difference between total andfree acid. The de- 
tailed results are given in Table X. The examination of the sour 
milks was made at the stage of souring at which increase of acidity 
is verv slow. In no case have we found increase of acid and C,, 
ceasing entirely within the limits of time covered by our work. 

1. Hydrogen Ton Concentration of Sour Milks.—An examination 
of Table X indicates that there is no specific C, value that is 
characteristic of sour milk. The results differ according to a 
variety of conditions, and especially with the kind of organism 
responsible for the souring and its rate of growth. In the case 
of milk that sours in the ordinary way (Samples 7 to 12), the pH 
value varies from 4.43 to 4.02, and with milks soured by “starter” 

Samples 13 to 15), the variations are within similar limits of 
pH value, 4.36 to 4.22. In the case of pure cultures of Bactercvum 
lactis acidi (Samples 1 to 8), the variations (pH 4.34 to 4.03) are 
within the same limits as observed in case of natural souring. 
This would, of course, be expected, since in natural souring or in 
the use of a sour-milk ‘starter,’ the organism chiefly or wholly 
responsible for the acidity is usually Bacterium lactis acidi. In 
the case of Streptococcus lacticus, a minimum acidity is observed 

pH 4.56). 

2, Total Amount of Acid Formed.—The total amount of acid 


formed in 100 ee. of sour milk is usually between 90 and 100 ec., 
expressed as 0.1 N acid, when the organism present is mainly 
Bacterium lactis acidi. In the ease of Bacillus bulgaricus, the 
acidity may reach or exceed 200 cc. under the conditions of 


our work. 
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8. Free Lactic Acid.—The amount of free lactic acid, which 
includes that adsorbed, varies from less than 10 ec. of 0.1 N acid 
per 100 cc. of milk to 134. In the case of the usual lactie or- 
ganisms, the variation lies between 13 and 34.5 ce. With Ba- 
cillus bulgaricus (Samples 5 and 6), the figures for adsorbed acid 
are not accurate owing to some solution of casein by the acid. 

a Relation of Total Acidity to Free Lactic Acid in Sour Milks. 

If we compare the total amount of acid formed in sour milk with 
the amount of free lactic acid, we find that the percentage of total 
acid existing as free lactic acid varies widely. In the case ot 
milk soured by a pure culture of BacterZvum lactis acid? or by a 
sour-milk ‘‘starter’’ or by so-called natural souring, the per- 
centage of total acid in the form of free lactic acid varies from 
14.6 to 35, in the majority of cases being somewhere about 20 

5. Lactate in Sour Milk.—The amount of lactic acid presé 


lactate in sour milk is much more uniform, of course, than the 


if as 


free acid, since the amount of lactate in the presence of an ex- 
cess of free acid is primarily dependent on the amount of basic 
compounds in each milk, and these do not usually varv widely 
in amount. In the samples of milk used in our experiments, the 
amount of lactate, equivalent to 0.1 N lactic acid, varies from 
64.3 to 92 ec. per 100 ec. of milk. 

6. E flect of Dilution of Milk on Acidity. The effect of dilution 
by water is shown in Samples 15 and 16. In Experiment 15, 
normal milk was used, and in No. 16 the same milk diluted so 
as to contain one-third of its final volume of added water, enough 
lactose being added to make the percentage the same as in Sample 
15. The effect of the dilution is to increase the hydrogen ion 
concentration, owing to the fact that there is less base to neutral- 
ize in the diluted milk. The degree of acidity is relatively greater 
in the diluted milk, if we take the amount of dilution into con- 
sideration. For example, the total acidity in the undiluted milk 
is equal to 102 ec. of 0.1. N acid in 100 ce. of milk, while in the 
diluted milk, the acidity is 70.5 ee., whereas it would be one- 
third less or 68 ec. if it were exactly in proportion to dilution 


Coagulation Point of Casein in the Souring of Milk. 


{nother point of interest in connection with milk soured at 


25°C. is the relation of hydrogen ion concentration to the curd- 
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ling of milk; that is, the coagulation of casein. In ten samples 
of milk soured in the ordinary way, the hydrogen ion concen- 
tration and total acidity as determined by corrected titration 
(p. 149) are given. The determinations were made as nearly as 
possible at the time when the milk began to show the first signs 
of thickening; but in only four samples (Nos. 5 to 8) were we able 
to eatch the thickening at the exact beginning. In these four 
samples the same determinations were repeated when the coagula- 
tion became complete; that is, when the milk formed a solid mass 
of curd. It is possible to catch the milk during this change only 
with considerable difficulty. 
rABLE XI 
Relation of Hydrogen Ion Concentration to Coagulation of Caseir 


pH value 0.1 N acid in 100 (Time be- 


coagulation Cc, value coagulation ec. of milk tween be- 
a ar cl coagulation ginning 
No. of anti- 
sample Begin- Begin- comple- 
ning Com- Beginning or Comnleted ning Com- | tion of 
or under) pleted inder way —— or under pleted. | coagula- 
way way tion. 
cc. cc min. 
l 1.64 2.0 Xe 13 
= +. 64 2.0 zi 79 
3 $ 66 ye wi 64 
| 4.67 2.15 ss 74.5 
5 1.68 168 | 2.1 3.4 10 na) 5S 10 
f) t 6S 168 | 2.1 y 71 74.5 60 
7 1.70 1.70 ; 2.0 " 2.0 “ 73 78.2 30 
S $.73 1.73 | 1.9 1.9 73.8 78.2 
9 25 1.8 69 
10 178 . 2 58.9 


The data furnished by these experiments are given in Table XI. 

Milk begins to coagulate during the process of souring when the 
pH value reaches 4.64 to 4.78, representing a change of C, vary- 
ing from 2.3 X 10° to 1.7 * 10-°. The total acidity by titra- 
tion varies from 43 to 75 ce. of 0.1 N acid per 100 ec. of milk. 

The period of coagulation from beginning to completion varies 
from 30 to 60 minutes at 25°C. The hydrogen ion concentration 
remains constant during the change. The acidity by titration 
increases slightly, varving from 2 to 5.2 ce. of 0.1 .N acid per 100 


ce. of milk. 
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Re lation of First s7gn of Souring Li M I} to Hydroge } Tor 


( "Once ntrat On, 


The first detectable sign of souring in milk is popularly thought 


to be a sour or acid taste or smell. As a matter of fact, that 


property which one associates with the first or preliminary stage 
of souring is more accurately characterized as a flavor; that is, a 
quality perceptible to the two senses of taste and smell. It is a 
common experience for one, when suspicious of the condition of 
milk or cream, to smell of it or taste of it and to Say that it 
smells sour or tastes sour even when it does not taste really 
acid. In the ordinary souring of milk, some volatile compound 
or compounds, not possessing a sour or acid taste, are regularly 
formed in minute amounts as preliminary products or by-product: 
of the process of lactic acid formation. Much remains to be 
learned about the details of the process. As a result of associat- 
ing the odor and taste of such volatile flavor products with the 
acid or sour taste of milk, we have formed the habit of saying 
that milk tastes sour whenever we detect this associated flavor, 
even though there is no real sour or acid taste. 

\s a preliminary study, we have made some observations in the 
case of several samples of milk undergoing the process of souring 
in which the milk was examined at intervals of 1 hour or less for 
the characteristic flavor or so-called sour taste preceding the ap- 
pearance of actually sour or acid taste. When it was possible in 
the sample under observation to detect by the taste and smell 
the first indication of the characteristic flavor, we at once made 
determination of the hydrogen ion concentration and acidity by 
titration. The samples numbered 1 to 4 were soured in the 
ordinary way at 25°C. without addition of organisms; Samples 5 
and 6 were pasteurized and then inoculated with a sour-milk 
‘starter’? which had been nearly neutralized with dilute alkali 

rhe results of the work are given in Table XII. 

The data in Table XII do not show any relation of the hydro- 
gen ion concentration to the time at which the characteristic 
lavor indicative of the souring process is first discernible. In no 
case did the milk taste distinctly acid: and, if the nasal passages 
were closed, there was no taste at all. The so-called sour flavor 
could be perceived by the smell alone or by the combined sense 
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rABLE XII 
Hydrogen Ton Concentration in Relation to First Stage of Sou ing in Milk. 


Time after Hydrogen ion concentration 


starting experi- 0.1 N acid formed expressed as 
No. of sample ment when in 100 ce. of 
sample was ex- milk ; 
amined pH CU. 
hr 

l 21 37.0 5.44 0.37 10-5 
2 3 24.2 5.44 0.37 ‘ 
3 28 31.5 5.49 0.33 
} 24 26.5 5.49 0.33 
5 20 IS.S 5.58 0.26 
6 21 22.0 5.60 0.25 
7 6 15.0 5.96 0.11 


of taste and smell. Solutions containing lactie acid and caleium 
lactate have a much higher hydrogen ion concentration (about 
5.1 pH or Cy, 0.8 X 10°°) before they taste sour or acid than any 
in Table XII. Milk to which lactie acid is added fails to de- 
velop the flavor characteristic of milk naturally soured. The 
compound or compounds responsible for the flavor in question 
is due to bacterial action without doubt. 

The results here presented are of value chiefly for their sug- 


gestiveness as a basis for further work. 


SUMMARY. 


1. The work was undertaken to ascertain how much free 
lactic acid is present in sour milk. Lactie acid exists in sour 
milk largely as lactate but partly as free acid. Part of the free 
acid is in solution while a smaller part is adsorbed by the casein. 
Each must be determined separately. In addition a study was 
made of the acidity of sour milks, the coagulation point of sour 
milk, and the first sign of souring. 

2. In all experiments the milk was kept at 25°C. during the 
souring process. Freshly separated skim-milk, pasteurized at 
62°C, cooled to 25°C., was inoculated with Bactervum lactis acidi. 
In studying the acidity Gf sour milks, samples were inoculated 
with other organisms also. 

3. In determining the amount of free lactic acid, three different 
methods were employed with results in good agreement: (@) 
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Measurement of hydrogen ion concentration, and application of 
calculation based on the mass law; (b) partial extraction by ether 
and application of calculation based on coefficient of distribu- 
tion; (¢) double electrometric titration with lactie acid and hy- 
drochlorie acid. Under the conditionsof the experiment, free lactic 
acid does not appear in appreciable amounts in souring milk for 
about 20 hours after inoculation, when there is present 0.1 ce. 
of 0.1 N acid in 100 ce. of milk; this increases more rapidly in the 
next few hours and finally in 48 hours it is about 20 cc. The pH 
value changes from 6.5 in fresh milk to 4.17 in 48 hours. 

!. In estimating the amount of free lactic acid adsorbed by 
casein in sour milk, four methods were used, giving consistent re- 
sults: (a) Measurement of reduction of hydrogen ion concentra- 
tion caused by adding casein to lactic acid solutions of given con- 
centration; (6) measurement by titration of reduction of acidity 
eaused by adding casein to lactic acid solutions; (c) titration of 
acidity of sour milk and of separated whey; (d) extraction of lactie 
acid in sour milk by ether and in separated whey. About 20 
per cent of the free lactic acid in coagulated sour milk is adsorbed 
by the casein. 

5. In making a study of the acidity of milks soured under dif- 
ferent conditions, fresh separated milk was soured at 25°C., after 
preliminary treatment in the following ways: (a) Pasteurized milk 
inoculated with (1) Bacterium lactis acidzZ, (2) with Bacillus bul- 
garicus, (3) Streptococcus lacticus; (b) unpasteurized milk (1) inocu- 
lated with a sour-milk “‘starter,’’ (2) self-inoculated. The total 
acidity by titration varied from 70.5 to 220 ec. of 0.1. N acid pet 
100 ce. of milk; the free lactic acid, from 8.6 to 104 ec.; the acid 
as lactate, from 51.8 to 92 cc.; the pH value, from 3.70 to 4.56. 
In milk souring under ordinary conditions, the total acidity by 
titration varied from 70.5 to 107.5 ec. 0.1. N acid per 100 ce. of 
milk; the free lactic acid, from 13.1 to 34.5 ec.; the pH value, 
from 4.02 to 4.43. 

6. The casein of milk begins to coagulate when the pH value 
reaches 4.64 to 4.78. The time from the beginning of coagula- 
tion to completion varies from 30 to 60 minutes, during which 
period the hydrogen ion concentration remains constant, though 


the acidity by titration increases slightly. 
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7. The first physically and easily perceptible sign of souring in 
milk is a characteristic flavor, discernible to the senses of both 
smell and taste, due to the presence of some volatile compound 
formed in the souring process and not to lactic acid. The flavor 
appears before the milk begins to taste acid. There is no apparent 


relation between either the hydrogen ion concentration or the 


acidity by titration and the first sign of this flavor. 





